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A b s t r a c t

1 2Prim ary  and seco n d a ry  a c y l n i t r o x id e s  [RC0N(0‘ )OIR R ;
1 2  1 2  

R = H, R = a l k y l  and  R , R = a l k y l ]  u n d e rg o  g-H
+  -  1 2d i s p r o p o r t i o n a t io n  to  g iv e  a c y l n i t r o n e s  [RCON (O )=CR R ] and 

hydroxam ic a c id s .  The a c y l  n i t r o n e s  a re  t r a n s i e n t  in te rm e d ia te s  

w hich have been in v e s t ig a te d  in  t h i s  t h e s i s  by a tte m p te d  

t r a p p in g  e x p e rim e n ts  and by s e m i-e m p ir ic a l  m o le c u la r  o r b i t a l  

c a lc u l a t i o n s .

The known c y c lo a d d u c t  o f  1 - a d a m a n ta n e c a r b o n y l  n i t r o n e  
—

[AdCON (O )=CH^] and N -phenyIm aleim ide h as  been r e - in v e s t ig a t e d  

and  th e  p iv a lo y l  an a lo g u e  o b ta in e d . S o lu t io n  p y r o ly s i s  o f  th e  

fo rm er does  n o t a p p e a r  to  r e g e n e r a te  th e  n i t r o n e .  Two N - a l l y l -  

hydroxam ic  a c id s  have been p re p a re d , b u t o n e -e le c t ro n  o x id a t io n  

o f  th e s e  gave no e v id e n c e  f o r  in t r a m o le c u la r  t r a p p in g  o f  th e  

d o u b le  bond.

S y n th e s is  o f  N -(p rim a ry )a lk y lh y d ro x a m ic  a c id s  was ac h ie v e d  

i n  t h i s  w ork  by b e n z o y lo x y l a t i o n  ( b e n z o y l  p e r o x i d e )  o f  t h e  

n - a lk y la m in e  and m o d if ic a t io n  o f  th e  u s u a l  r e a c t io n  c o n d it io n s  

t o  s t a b i l i z e  th e  N -a lk y l-O -b en z o y lh y d ro x y lam ine a s  th e  

h y d r o c h lo r id e ;  t h i s  c irc u m v e n ts  a c y l t r a n s f e r  t o  form  am ide. 

The r e s u l t s  o f  a k i n e t i c  i n v e s t ig a t io n ,  u s in g  e . s . r . , o f  th e  

s e c o n d -o rd e r  decay  o f  th e  c o rre sp o n d in g  a c y l p r im a ry -a lk y l  

n i t r o x i d e s  co u ld  n o t be r a t i o n a l i z e d  s o l e l y  in  term s o f  th e  

s t r e n g th s  o f  th e  B-CH bonds.

E . s . r .  s p e c tro s c o p y  was a l s o  used t o  s tu d y  th e  s t r u c tu r e  o f  

a s t a b l e  a ro y l  t - b u t y l  n i t r o x id e  d is s o lv e d  in  a g la s s y  to lu e n e



m a tr ix .

The M.O. c a lc u la t io n s  compared th e  r e a c t io n  c o -o r d in a te s  

f o r  c y c lo a d d i t io n s  o f  a c y l n i t r o n e s  to  a lk e n e s  w ith  th o se  f o r  

s i m i l a r  c y c lo a d d i t io n s  o f  s im p le  n i t r o n e s .  As e x p e c te d , th e  

a c t i v a t i o n  b a r r i e r s  w ere low er f o r  th e  a c y l  n i t r o n e s .  T h is  

i n v e s t ig a t io n  le d  to  a com parison  o f  MNDO and AMI m ethods o f  

c a l c u l a t i o n .  The fo rm er s e r io u s ly  o v e r- e n p h a s is e s  c o re -c o re  

r e p u l s io n s  n e a r  th e  t r a n s i t i o n  s t a t e .  I b i s  i s  c l e a r l y  

d e m o n s tra ted  by a d i f f e r e n c e  map o f  en e rg y  s u r f a c e s  o b ta in e d  by 

th e  two m ethods.

The s t i l b e n e  d e r i v a t i v e ,  N - t-b u ty l-O -g - s ty ry lb e n z o h y d ro x -  

am ic  a c id  has been p re p a re d  in  o r d e r  t o  compare th e  r a t e  o f  

in t r a m o le c u la r  a d d i t io n  o f  th e  d e r iv e d  n i t r o x id e  to  th e  s t i l b e n e  

d o u b le  bond w ith  th e  r a t e  o f  in te r m o le c u la r  a d d i t io n  o f  a model 

n i t r o x id e  to  t r a n s - s t i l b e n e .  The r e s u l t s  o f  th e  k i n e t i c  

m ea su rem e n ts  gave an  e f f e c t i v e  m o la r i ty  o f  c a . 5 x 10^ M, in  

m arked c o n t r a s t  to  v a lu e s  o f  o n ly  c a .  1-100 M f o r  in tr a m o le c u la r  

hydrogen  a b s t r a c t i o n  by a c y l  n i t r o x id e s .
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C h a p te r  1 

I n t r o d u c t io n

(1) Background

O x id a tio n  a t  n i t r o g e n  i s  a m ajo r p ro c e s s  in  th e  m etabo lism

o f  n i t r o g e n  c o n ta in in g  compounds. T h is  o x id a t io n  r e s u l t s  in  th e

fo rm a tio n  o f  N -hydroxyl compounds; th e  d e r iv e d  N -hydroxyl

compounds have a w ide ran g e  o f  b io lo g ic a l  a c t i v i t y . ^

N -H ydroxy la tion  o f  am ides g iv e s  hydroxam ic a c id s .  Some o f

th e  p ro d u c ts  r e s u l t i n g  from  t h i s  r e a c t io n  a r e  to x ic  to  th e  body,
2

f o r  exam ple, th e  N -h y d ro x y la tio n  o f  4 - a c e t  am idob ipheny l ( 1 ) .  

C H 3C O - H - / O W O )  — ► C H 3C O - N -

OH
( 1 ) i

CH3C0 - N

o
I
\

e l e c t r o p h i l i c  a c y l a t i n g  ag en t

One e le c t r o n  ch em ica l o x id a t io n  o f  hydroxam ic a c id s  has 

a ro u se d  much a t t e n t i o n  s in c e  Boyland and Nery p o s tu la te d  t h a t  

•many o x id a n ts  can  c o n v e r t  hydroxam ic a c id s  in to  a c y la t io n  

a g e n ts .^  T h is  ty p e  o f  a c y la t io n  may be o f  b io lo g ic a l  s i g n i f i ­

cance  in  c o n n e c tio n  w ith  c a r c in o g e n ic i ty  o f  u re th a n e  and many 

a r o m a t i c  a m in e s ,  w h ic h  c a n  be o x i d i z e d  v iv o  to  o r g a n i c

h y d ro x y lam in es .^

W ith  e a c h  o f  th e  o x i d i z i n g  a g e n t s ,  a c y l  n i t r o x i d e s  a r e



form ed a s  i n i t i a l  p ro d u c ts  o f  o n e -e le c tro n  o x id a t io n  o f N -a lk y l-

hydroxam ic a c id s .  A lthough  f r e e  r a d i c a l s  have been d e te c te d  and

c h a r a c te r iz e d  in  th e s e  o x id a t io n s ,  th e  n a tu re  o f  th e  a c y la t in g

a g e n t  had rem ained  u n c e r ta in  u n t i l  r e c e n t ly ;  b o th  io n ic  and f r e e -

r a d i c a l  a c y la t io n  pathw ays had been p r o p o s e d . N , 0 - D i a c y l -

N -a lk y lh y d ro x y lam in es  have been su g g e s te d  by F o r r e s t e r  e t  a l^  and

W aters  e t  a l ^ t o  be th e  a c t i v e  a c y la t in g  a g e n ts ,  a s  w e ll  a s  th e

m ain p ro d u c ts .  Exner in  1956 p roposed  a mechanism w hich in v o lv ed

th e  "N -acy l oxime" (N -acy l n i t r o n e )  s p e c ie s  a s  th e  p o te n t  a c y l a t -  

8in g  a g e n t ,  when N -a lk y lh y d ro x am ic  a c id s  a r e  o x id iz e d , b u t such  a 

m echanism  rem ained u n p o p u la r .

/O H  /O ' + /Q -
R C -N ^  — ► R Ç -N  — ► r c - N

( 2 )

i
/C O R

R C - O - N  
II I
O X H

R^{,i
+

R! /O "
^C = N

F ig . 1

In  r e c e n t  y e a r s  a more g e n e ra l  mechanism (F ig . 1) has been 

p rop o sed  in  w hich E x n e r 's  a c y l n i t r o n e  (2) i s  a key in te rm e d ia te ;  

e v id e n c e  f o r  th e  e x is te n c e  o f  such  s p e c ie s  in c lu d e s  th e  t ra p p in g



o f (2) by 1 ,3  d ip o la r  c y c lo a d d it io n  to  N-phenyIm ale  imide (F ig . 2)
9

by P e rk in s  e t  a l . However o n ly  one c a se  was r e p o r te d ;  in  which 

th e  n i t r o n e  was u n s u b s t i tu te d  a t  ca rbon  and th e  r e a c t i v i t y  o f  th e  

c a rb o n y l g roup  was red u ced  by th e  p re se n c e  o f  a t e r t i a r y  a lk y l  

s u b s t i t u e n t  ( 1 -ad a m an ty l; F ig . 2 ) .  Work p re s e n te d  in  t h i s  t h e s i s  

s u p p o r ts  th e  g e n e ra l  m echanism  in v o lv in g  th e  a c y l  n i t r o n e .

/ OH
AdCON

o

\ CHj
AdCON

O'

CH3

A d C O -N
/ CH3

^O*
A d C O -N

(2a)
o

/ C \
(3> II NPh 

o

AdCON

4 . A d C O -N
OH

CH3

F ig . 2

To u n d e rs ta n d  th e  c h e m is try  o f  o n e - e le c t r o n  o x id a t io n  o f  

N -a lk y lh y d ro x am ic  a c id s ,  i t  i s  n e c c e s s a ry  to  rev iew  th e  c h e m is try  

o f  th e  i n i t i a l l y  form ed a c y l n i t r o x id e  r a d i c a l  and i t s  p a re n t  

f u n c t i o n : -  th e  n i t r o x id e  r a d i c a l .

N i t ro x id e  f r e e  r a d i c a l s

O rgan ic  f r e e  r a d i c a l s  a r e ,  by d e f i n i t i o n ,  compounds w hich 

c o n ta in  one (o r  more) u n p a ire d  e le c t r o n ( s )  and t h e i r  c h e m is try  i s

10



a lm o s t  e n t i r e l y  g o v e rn e d  by th e  d i r e c t  in v o lv e m e n t  o f  t h e s e  

e l e c t r o n s .  The r e a c t i v i t y  and hence th e  s t a b i l i t y  depends bo th  

on th e  s t r u c tu r e  o f  th e  r a d i c a l  and p h y s ic o c h e m ic a l en v ironm en t.

R a d ic a ls  c o n ta in in g  th e  N-O’ g ro u p , in  which th e  u n p a ire d  

e le c t r o n  i s  fo rm a lly  lo c a te d  on oxygen a r e  known a s  n i t r o x id e s .  

The f i r s t  o rg a n ic  n i t r o x id e ,  nam ely, p o rh y re x id e  (4) was p re p a re d  

and i s o l a te d  by P i lo ty  and Schw erin^^ in  1901, a lth o u g h  th e  f i r s t  

n i t r o x id e  r a d i c a l ,  an in o rg a n ic  a n a lo g u e ; F rem y 's  r a d i c a l  (5 )^^

has been known s in c e  1845.

K" - 0 ]S^
N -O '

I
o

> ^ n- ^ n h  k * - o . s ^ V O'
O'

(4) (5) (6) (7)

I t  was n o t u n t i l  1959 t h a t  O .L.Lebede.v and S.N .K azam orski

12
o b ta in e d  th e  f i r s t  t o t a l l y  a l i p h a t i c  n i t r o x id e  r a d i c a l  (6 ) . I t  

a p p e a r e d  t h e r e f o r e  t h a t  t h e  u n p r e c e d e n te d  s t a b i l i t y  o f  s u c h  

o rg a n ic  f r e e  r a d i c a l  was a s s o c ia te d  w ith  th e  N-O fu n c t io n .

The s t a b i l i t y  o f  s u b s t i t u t e d  n i t r o x id e s  (7) has made t h e i r  

a p p l i c a t i o n  t o  s p in - l a b e l l i n g  t e c h n i q u e s '^ '14 ,15  in^a2uable>  

in v a r ia b ly  n i t r o x id e s  employed a s  s p in  l a b e l s  o r  p ro b es  a re  d i - t -

a lk y l  n i t r o x id e s .  The c h e m is try  o f  n i t r o x id e  r a d i c a l s  has been

. 1 6 ,1 7 ,1 8e x te n s iv e ly  rev iew ed .

N it ro x id e  s t r u c t u r e

N itro x id e s  o f  th e  g e n e ra l  fo rm u la  (7) a r e  e s s e n t i a l l y  quad­

r i v a l e n t  compounds o f  n i t r o g e n .  The bonding in  th e  N-O*

1 1



f u n c t io n  can  be d e s c r ib e d  by r e f e re n c e  to  a p a r t i a l  m o le c u la r  

o r b i t a l  d iag ram  shown in  F ig . 3.

/
N— O

N

O

4 4 -  4 4 -

4 4 - 7T

2p

F ig . 3

The bonds t o  t h e  n i t r o g e n  a r e  c o n s id e r e d  t o  be s p '

h y b r id iz e d . O v erlap  o f  th e s e  h y b r id s  w ith  a  p - o r b i t a l  (p^ o r  p^) 

on oxygen p ro d u ces  a a -b o n d . O v erlap  o f  th e  2p^ a to m ic  o r b i t a l  

o f  n i t r o g e n  o r  oxygen p ro d u ce s  ir and ir *bonding  and a n ti-b o n d in g  

o r b i t a l s  (F ig . 4) r e s p e c t i v e ly .  Two e le c t r o n s  occupy th e  iff -b o n d - 

in g  o r b i t a l ,  and th e  u n p a ire d  e le c t r o n  o c c u p ie s  th e  tt a n ti -b o n d ­

ing  o r b i t a l .  T h is  d e s c r i p t i o n  a c c o u n ts  f o r  a n e t t  bonding e f f e c t  

betw een n i tr o g e n  and oxygen in  te rm s o f  a  2 -c e n tre  3 - e le c t r o n  

bond. :■

♦ 7T'

F ig . 4

N itro x id e s  may be r e p re s e n te d  in  th r e e  d i f f e r e n t  w ays; a s  a

19
reso n a n c e  h y b rid  o f  th e  two ex trem e s t r u c tu r e s  (8 ) and ( 9 ) ,  by 

a s t r u c t u r e  w ith  3 - e le c t r o n  bond (1 0 ) ,^ ^  o r  u s in g  an a l t e r n a t i v e

1 2



s t r u c t u r e  based upon L i n n e t t 's  do u b le  q u a r te t  h y p o th e s is  

( 11 ) . 21-22

< — ► ^ ^ - o ’ Y — O ^ N -2-O  
Y  R

R
(8) (9) (10) (11)

Equal c o n t r ib u t io n s  from (8 ) and (9) to  th e  h y b rid  would

s u g g e s t  50% s p in  d e n s i ty  on oxygen and 50% on n i tr o g e n . T h is  i s

in  f a c t  c o n s i s t e n t  w ith  s tu d i e s  by H.G. Au r i c h  e t  a l ^ ^ '^ ^  in

w hich s p in  d e n s i t i e s  on oxygen atom  u s in g  la b e l le d  d i a l k y l ,

d i a r y l  and a r a lk y l  n i t r o x id e s  show s p in  d e n s i t i e s  ( p) on oxygen

t o  be rem arkab ly  c o n s ta n t  0 .5 0 -0 .5 5 . E . s . r  s tu d ie s  on phospho-

25r u s - c o n ta in in g  a r y l  t e r t - b u t y l  n i t r o x id e s  in d ic a te  t h a t

p'^-d-n- o v e r l a p  h a s  a  n e g l i g i b l e  e f f e c t  on  s p in  p o l a r i z a t i o n ,

w hereas th e  e x te n t  o f  d e lo c a l i z a t i o n  o f  th e  u n p a ire d  e le c t r o n  in

26
^ s u b s t i t u t e d  t r i e t h y l s i l o x y  n i t r o x id e s  d e c re a s e s  in  th e  o r d e r

4 - p y r i d y l < 2 -p y r id y l<  3 -p y rid y l<  p h e n y l, t h i s  showing th e  e f f e c t

o f  a - s u b s t i t u t i o n  on s p in  p o l a r i z a t io n  o f  n i t r o x id e s .
t h e

The r e p r e s e n ta t io n  of^N-O* m o ie ty  in  (1 0 ) , a s  a s t r u c tu r e  

w ith  f iv e  e le c t r o n s  (N-O) ( i . e .  w ith  a N-O q-bond and a tt-sy s te m  

in  w hich th e  a n ti -b o n d in g  e le c t r o n  c o u n te r a c ts  one o f th e  

TT-bonding e le c t r o n s )  h as  found s u p p o rtin g  e v id e n c e  from s p e c t r o ­

s c o p i c  m e a s u r e m e n t s . F o r  e x a m p le , t h e  NO bond l e n g th  i s  

r e p o r te d  to  l i e  betw een th o se  o f  a dou b le  bond (1 .2 2  A) and a 

s in g l e  bond (1 .4 3  A ).
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The l a s t  m odel ( 1 1 ) ,  i s  b a s e d  on th e  d o u b le  q u a r t e t

21 22h y p o th e s is  p roposed  by L in n e t t .  ' T h is  r e p r e s e n ta t io n  ta k e s  

i n to  a c co u n t th e  m utual o r i e n t a t io n  o f  th e  e le c t r o n  s p in s .  T h is  

co n c e p t has been u s e fu l  in  e x p la in in g  th e  r e s i s ta n c e  o f  

n i t r o x id e s  tow ards d im e r iz a t io n  (Eg. 1 ) .

\  .. \  /  
9 - y N — O— O—

Eg. 1

D im e riz a tio n  o f  n i t r o x id e  r a d i c a l s  o c c u rs  o n ly  in  s p e c ia l

c a s e s  e .g .  F rem y 's  r a d i c a l  o r  a t  v e ry  low te m p e ra tu re s  where

p h y s ic a l ly  bonded d im ers  have been d e te c te d .

The above s t r u c t u r a l  r e p r e s e n ta t io n s  im ply t h a t  th e  n i t ro g e n

c e n t r e  i s  p la n a r :  low v a lu e s  from  e . s . r .  s tu d ie s  o f  a lk y l  

27n i t r o x id e s  ( 12 ) s t r o n g ly  s u g g e s t  t h a t  th e y  a re  n e a r ly  p la n a r .  

By com parison , d i f  lu o r o n i t r o x id e  (13 )^^  w ith  = 94 .3  G

^F = 142 .2  G i s  c o n s id e re d  to  be c o n s id e ra b ly  b e n t. However i t

N O c III""" N
/  / ^ o

(12) (13)

i s  c l e a r  t h a t  in  many n i t r o x id e s  th e  en erg y  re q u ire d  f o r  q u i te

29s u b s t a n t i a l  p y ram id a l d i s t o r s i o n  i s  s m a ll. S em i-em p irica l and

ab  i n i t i o  M.O. c a lc u la t io n s  a re  c o n s i s t e n t  w ith  th e s e  o b s e rv a -  

30t io n s .
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R e a c tio n s

The s t a b i l i t y  o f  n i t r o x id e  r a d i c a l s ,  a s  e x p la in  e a r l i e r ,  i s

d u e  t o  t h e  i n h e r e n t  s t a b i l i t y  o f  t h e  NO’ f u n c t i o n .  D ia lk y l

1 2n i t r o x id e s  o f  th e  g e n e ra l  fo rm ula  ( 7 ) ,  in  w hich R , R = t - a l k y l

1 2g ro u p s  a re  very p e r s is te n t  r a d ic a ls , but when R o r  R possess an

R'

R
N O

(7)

a-H th e  s t a b i l i t y  i s  r e d u c e d .  Many d i a r y l  and  a r y l  t - a l k y l

n i t r o x id e s  (14) a r e  a l s o  s u f f i c i e n t l y  p e r s i s t e n t  t o  i s o l a t e ,  b u t

when p r e s e n t  in  h ig h  c o n c e n t ra t io n  th e y  may decay  s lo w ly  by a

31b i m o l e c u l a r  p r o c e s s  (E g . 2 ) i n  w h ic h  a n i t r o x i d e  r a d i c a l  

c o u p le s  t o  th e  a r y l  m o ie ty  o f  a  second r a d i c a l .  The d im e r, (1 5 ) , 

th e n  frag m en ts  t o  n o n - r a d ic a l  p ro d u c ts .  In  c o n t r a s t  t o  t h i s  slow

R

(14)

/
P h — N > PhNHR

/O '(15) O

Eg. 2

b im o le c u la r  p r o c e s s ,  0-C (3 ) c o u p lin g  seem s p a r t i c u l a r l y  r a p id  in  

v in y l  n i t r o x id e s .  For th e s e ,  a u th e n t ic  e . s . r .  d e te c t io n  has 

p roved  d i f f i c u l t ,  e x c e p t w here s t e r i c  i n t e r a c t io n  o r  s t a b i l i ­

z a t io n  o f  th e  v in y l  s u b s t i t u e n t  by c o n ju g a tio n  i n h i b i t s  r e a c t io n .  

F o r  e x a m p le , i t  i s  r e p o r t e d  t h a t  l i f e t i m e s  o f  1 , 3 - h i t r o n y l
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n i t r o x i d e s  (1 6 )  a r e  i n c r e a s e d  r e l a t i v e l y  to  th o s e  o f  s im p le

33o r s u b s t i t u t e d  n i t r o x id e ;  t h i s  s t a b i l i z a t i o n  i s  due to  con juga­

t i o n  b e tw e e n  h i t r o n e - n i t r o x i d e  g r o u p , w h ich  r e s u l t s  in  s p in  

d e n s i t i e s  on bo th  n i t r o g e n s  be ing  a lm o st th e  same.

-CxI
I
O-

( 16 )

1 2When n i t r o x id e s  a r e  m o n o -s u b s ti tu te d  ( i . e .  R = H, R = a l ­

k y l )  th e y  r a p i d l y  d i s p r o p o r t i o n a t e  t o  n i t r o s o  com pounds and 

h ydroxy lam ines (Eg. 3 ) .

2 RNHO* — ► R — N = 0  + RNHOH

Eg . 3

N itro x id e s  c o n ta in in g  a lk y l s  w ith  ^ h y d ro g e n s  undergo  s lc w e r

b im o le c u la r  d i s p r o p o r t io n a t io n  r e a c t io n  g iv in g  n i t r o n e  and

hyd roxy lam ines (Eg. 4 ) .  I t  i s  th o u g h t t h a t  t h i s  g -d is p ro p o r t io n -

a t i o n  may proceed v ia  a  5-membered d im eric t ra n s i t io n  s ta te  (17)

/ O '  ,  / O '  / O H
2 R C H - N  — ^  R C H = N  + RCH^N

R’ '"R' V

Eg. 4

a s  p roposed  by K.U. In g o ld  e t  a l a t r a n s i t i o n  s t a t e  r e l a te d  

to  t h a t  f o r  th e  d e c o m p o s itio n  o f  a lk y lp e ro x y l  r a d ic a l s  by th e  

R u s s e ll  M echanism. The m easured r a t e  c o n s ta n ts  l i e  in  th e

range  10~ ^ -10^ m"^s a lth o u g h  th e  a c t i v a t i o n  e n e rg ie s  range

16



t

^  R

(17)

betw een 0 .6 - 9 .4  k c a l/m o le . In  many c a s e s ,  t h e r e f o r e ,  th e  a c t i v a ­

t i o n  e n e rg y  i s  in  t h e  r a n g e  com m only fo u n d  f o r  d i f f u s i o n -

- c o n t r o l l e d  r e a c t io n s .  The slow  r a t e  c o n s ta n ts  a re  e x p la in e d  by

4 -1  -1
low A rrh en iu s  p r e - e x p o n e n t ia l  f a c t o r s  A, u s u a l ly  c a . 10 M s  .

The m easured A f a c t o r s  a re  s u b s t a n t i a l l y  Icw er than  th o se

8 10a s s o c ia te d  w ith  norm al r a d i c a l - r a d i c a l  r e a c t io n s  c a . 10 -10  
—1 —1

M s  . T h is  i n d ic a te s  t h a t  th e  r e a c t io n  d o es  n o t p roceed  v ia  a

s im p le  m echanism , b u t a  mechanism in  w hich s tr o n g  d ip o le - d ip o le

induced  o r i e n t a t i o n  e f f e c t  w i th in  a caged r a d i c a l  p a i r  d is f a v o u rs

th e  s e 1f - d i s p r o p o r t i o n a t io n  r e a c t io n  o f  d i a l k y l  n i t r o x id e s .

E v idence  f o r  "d im er" fo rm a tio n  o f  d i a lk y l  n i t r o x id e s  a t  low

te m p e ra tu re  has been o b t a i n e d , w i t h  AH f o r  d im er fo rm a tio n

b e in g  o f  th e  m agn itude  e x p e c te d  f o r  d ip o le - d ip o le  i n te r a c t io n s .^ ^

N i t r o x i d e s  may a l s o  u n d e rg o  u n im o le c u la r  r e a c t i o n  a s

e x e m p lif ie d  by th e  f ra g m e n ta tio n  o f  t-b u to x y  t - b u t y l  n i t r o x id e  

37(1 8 ). Such s p e c ie s  a r e  s h o r t - l i v e d ,  f ra g m e n tin g ’ by th re e

known pathw ays (a , b , c ) .  The p r in c i p a l  pathw ay i s  found to

in v o lv e  p a th  (b ) ,  t h a t  i s  t - b u t y l  n i t r i t e  i s  formed a s  has been

38p r e v io u s ly  su g g e s te d  by A. Mackor e t  a l . P a th  (a ) i s ,  in  f a c t ,  

much f a s t e r  b u t r e v e r s ib l e  in  th e  p re se n c e  o f  e x c e ss  Bu^N=0.
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t BuN=0 + BuV
B u \ ,

N -O * ------- Bu ONG + Bu*
BuV  \ c

(18) Bu NO2+ Bu*

A cyl n i t r o x id e s

N itro x id e s  o f  th e  g e n e ra l  fo rm ula  (1 9 ) , w here an a c y l group 

i s  a t ta c h e d  to  th e  n i t r o x id e  n i t r o g e n ,  a r e  known a s  a c y l 

n i t r o x id e s .  The a c y l  g roup  a f f e c t s  th e  s t r u c tu r e  and r e a c t i v i t y  

and p a t t e r n  o f  r e a c t io n  o f  th e s e  r a d i c a l s .

o ,0-
c N

2

(19)

H is to ry

Acyl n i t r o x id e s  o f  g e n e ra l  fo rm u la  (20) w ere f i r s t  d e te c te d  

39by G utch and W aters  in  an e . s . r .  s tu d y  o f  f a s t  flow  o x id a t io n  

o f  p rim a ry  hydroxam ic a c id s  and N -hydroxycarbam ates in  aqueous 

s o lu t i o n .

/O'
R—CO—N

( 20 )

39bA urich  and B aer o b se rv ed  a c y l  n i t r o x id e s  (21: R = CHg, Ph 

e t c )  by e . s . r .  d u r in g  o x id a t io n  o f  N -phenylhydroxam ic a c id s  u s in g  

n ic k e l  p e ro x id e . I t  was n o ted  t h a t  low v a lu e s  (^N = 7-8  G)
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R C O -N ^ ^
V h

( 2 1 ) ■

r e s u l t e d  r e l a t i v e  to  th e  d ia lk y l  and d i a r y l  n i t r o x id e s ,  which 

showed t y p i c a l l y  h ig h e r  v a lu e s  o f  15-17 and 9-11 G r e s p e c t ­

i v e ly .  T h is  can be e x p la in e d  by c o n t r ib u t io n s  from reso n an ce  

s t r u c t u r e s  ( s e e  l a t e r )  w h ic h  r e s u l t  i n  t h e  rem o v a l o f  s p in  

d e n s i ty  from  th e  n i t r o x id e  n i t r o g e n .

S y n th e s is

S in c e  i n i t i a l  s p e c t r o s c o p ic  o b s e rv a t io n ,  many m ethods have

been found f o r  g e n e ra t in g  a c y l  n i t r o x id e s  f o r  e . s . r .  o b s e rv a t io n .

F or exam ple, low te m p e ra tu re  p h o to ly s e s  o f  N -ch lo ro  (22) and

N - n i t r o s o - N - a l k y la m i d e s  (23)  i n  t h e  p r e s e n c e  o f  g a v e  th e

40 41c o rre sp o n d in g  a c y l n i t r o x id e s  (24) .  '

n /R"
R C -N  ( 2 2 )

'^Cl

°  R - N - C - R

N: -O (24)

C y c l ic  a c y l  n i t r o x i d e s  h a v e  b een  i n v e s t i g a t e d  by many

42 43 44 45g ro u p s . ' '  U llm a n 's  g roup  re p o r te d  th e  fo rm a tio n  o f  an

u n is o la te d  c y c l i c  ca rb a m o y l' n i t r o x id e  upon h y d ro ly s is  o f

2 -b rc m o -4 ,4 , 5 , 5 - te t r a m e th y l- im id a z o l in - l - o x y l  (25) w ith  aqueous

KOH d i r e c t l y  in  th e  c a v i ty  o f  an e . s . r .  s p e c tro m e te r .

A lthough th e s e  r a d i c a l s  were unam biguously o b se rv ed  and
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H

I K K  6  r  > 0

O' 6  i -
(25)

low v a lu e s  r e p o r te d ,  i t  was n o t u n t i l  1973 t h a t  P e rk in s  and
46Ward i s o l a te d  s e v e r a l  a c y l  t - b u t y l  n i t r o x id e s .

S t r u c tu r e

D ia lk y l n i t r o x id e s  a r e  c o n s id e re d  t o  have abou t 50% s p in  

d e n s i ty  on oxygen (26) .  The a c y l  n i t r o x id e s  c o n ta in  somewhat

\  . X .+  _
N -O  < — ► N -O

(26) ^

g r e a t e r  s p in  d e n s i t y  on o x y g en  and th e  c a l c u l a t e d  OH-bond 

s t r e n g t h  in v o lv e d  i n  t h e  c o r r e s p o n d in g  h y d ro x a m ic  a c i d s  a r e  

g r e a t e r  th an  th o se  p r e s e n t  in  h y d ro x y lam in es . T h is  o b s e rv a t io n  

le d  t o  th e  c o n c lu s io n  t h a t  th e  p r in c i p a l  e f f e c t  o f  a c y l c o n ju g ­

a t i o n  was to  d e lo c a l i z e  th e  l o n e - p a i r  on th e  n i t r o g e n .  P e rk in s  

e t  a l ^ ^ have su g g e s te d  t h a t  such  de l o c a l i z a t i o n  would ten d  to  

l o c a l i z e  th e  s p in  d e n s i ty  on n i t r o x id e  oxygen. T h is  i s  ex p re sse d  

by h y b r id  s t r u c t u r e  (2 7 b ). The e le c t r o n  d e lo c a l i z a t i o n  

r e p re s e n te d  by (27b) i s  an a lo g o u s  to  t h a t  in  am ides. I f  i t  i s  

im p o r ta n t ,  s p in  m ust be more lo c a l iz e d  on oxygen th an  in  d ia lk y l  

n i t r o x id e s .  S u p p o r tiv e  e v id e n c e  f o r  th e  d i s t r i b u t i o n  o f  s p in  

d e n s i t i e s  i s  p ro v id e d  by e . s . r .  The d i s t r i b u t i o n  o f  t t  * s p i n

d e n s i t i e s  (p ) in  th e  NO bond i s  r e l a t e d  to  th e  n u c le a r  h y p e rf in e

20



(27)

c o u p lin g  c o n s ta n ts  (^n and ^O) Eg. 5. The g r e a t e r  th e  s p in  

^  = 0 ^NN Pn"" ^ ^0 0  Po""

^  ^  00  Po^ ^  NN

Eg. 5

d e n s i ty ,  th e  g r e a t e r  th e  v a lu e s .  W h ils t  ^N v a lu e s  no rm ally  

a s s o c ia te d  w ith  d i a l k y l  n i t r o x id e s  a re  c a . 15-17 G, much s m a lle r  

v a lu e s  a r e  shown by a c y l  n i t r o x id e s  (c a . 7-8  G) c o n s is te n t  w ith  

reduced  s p in  d e n s i ty  on n i t r o g e n .

14 17a —TT i n t e r a c t i o n s (0 )  p a r a m e te r s  f o r  N and O can  be

o b ta in e d  by a  c o r r e l a t i o n  betw een i s o t r o p ic  h y p e rf in e  co u p lin g

c o n s ta n ts  (h fs )  and th e  e l e c t r o n - n u c le a r  d ip o la r  s p l i t t i n g  (T i,

i  = ^^O) a s  d e te rm in e d  from  combined measurem ent o f

48
i s o t r o p ic  and a n i s o t r o p i c  h f s .  Thus h y p e rf in e  co u p lin g

c o n s ta n ts  ^N, a r e  d i r e c t l y  r e l a t e d  t o  p ^ ,  r e s p e c t iv e ly  

( t h i s  n e g le c ts  any c o n t r ib u t io n s  to  s p l i t t i n g  from  sp in  d e n s i t i e s  

on a d ja c e n t  atom s w hich a r e  u s u a l ly  s m a l l ) .  A urich  e t  a l , u s in g  

l a b e l le d  n i t r o x i d e s , h a v e  found a very  good c o r r e la t io n  

betw een ^N and ^O. T h is  p i c tu r e  i s  however an o v e r s im p l i f i ­

c a t io n  o f  th e  7f - e l e c t r o n  d i s t r i b u t i o n  in  a c y l n i t r o x id e s .  For
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b e n z o y l  t - b u t y l  n i t r o x i d e  w h ere  N = 7 . 7 5  G and  = 2 0 . 3  G

49 aJ e n k in s  e t  a l  have m easured O (c a rb o n y l)  to  be 4 .4  G. T h is

was c o n s i s t e n t  w ith  c a . 12% p - o r b i t a l  s p in  d e n s i ty  on c a rb o n y l

o x y g e n  i n d i c a t i n g  a s m a l l  b u t  s i g n i f i c a n t  c o n t r i b u t i o n  fro m

s t r u c t u r e  (2 8 ).

\ = n/  (28)

The i n t e r p r e t a t i o n  o f  (c a rb o n y l)  i s  co m p lic a ted  by th e  

r e s u l t s  o f  INDO c a lc u la t io n s  v;hich s u g g e s ts  t h a t  pO (c a rb o n y l)  

may be o f f s e t  by a n e g a tiv e  s p in  d e n s i ty  (-4%) on c a rb o n . INDO 

c a lc u la t io n s  were made assum ing c o p la n a r  HCONHO' w ith  oxygen 

atom s a n t i - r e l a t e d ;  r e c e n t  MNDO c a lc u la t io n s ^ ^  o f  p - o r b i t a l  s p in  

d e n s i ty  a re  c o n s i s t e n t  w ith  th e  INDO c a l c u la t io n s .

A s im i la r  s p in  p o l a r i z a t io n  e f f e c t ,  g iv in g  n e g a tiv e  s p in  

d e n s i ty  on  th e  im in o -ca rb o n  o f  a - im in o  a lk y l  n i t r o x id e s  (29) ,  has 

a ls o  been d is c u s s e d .

C N r '=Bu*

.N   ̂ \ R '
R ^

(29)

The r o l e  o f  t h e  l o n e - p a i r  d e  l o c a l i z a t i o n  seem s to  be

s u p p o rte d  by an e x c e l l e n t  c o r r e l a t i o n  betw een th e  OH-bond 

s t r e n g th  o f  benzohydroxam ic a c id s  (30) and Brow n's c o n s ta n ts  

[ th e  g r e a t e r  th e  l o n e - p a i r  d e l o c a l i z a t i o n  from  n i tro g e n  in  th e
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r a d i c a l ,  th e  g r e a t e r  th e  s p in  d e n s i ty  lo c a te d  on oxygen in  th e  

r a d i c a l  and th e  g r e a t e r  th e  0-H bond s t r e n g th  in  th e  hydroxam ic 

a c i d ] .

B.D.E (OH)

H /O H  77 .2
b : X=Ph 76 .7
c :  X=NO  ̂ 79.4

(30)
d : X=OMe 75.1

A lthough  th e  change in  was sm a ll w ith  th e  v a r i a t i o n  o f

s u b s t i t u e n t ,  th e r e  i s  a good c o r r e l a t i o n  betw een and o v e r

th e  ran g e  p-NO^ -  p-N(M e) ^ in c lu d in g  e ig h t  p - s u b s t i t u t e d  a ro y l  

47n i t r o x id e s .  These r e s u l t s  show t h a t  c o n ju g a t io n  o f  ca rb o n y l 

a c ro s s  th e  benzene r in g  com petes w ith  amide d e lo c a l i z a t i o n  o f  th e  

n i t r o g e n  lo n e  p a i r .  T h is  e f f e c t  i s  m ag n ified  by th e  rem oval o f  

th e  benzene r in g  and d i r e c t  a tta c h m e n t o f  th e  s u b s t iu e n t  to  th e  

c a rb o n y l g roup  e .g .  t - b u t y l  d i a lk y l  amino c a rb o n y l (3 1 ). Such a 

r a d i c a l  has much o f  th e  c h a r a c te r  o f  an d i a lk y l  n i t r o x id e  w ith  

^  = 15-17 G. X-Ray c ry s ta l lo g r a p h y  show a t o r s io n a l  a n g le  o f  

117^ in  th e  O-C-N-0* g ro u p , in  c o n t r a s t  to  th e  a ro y l  n i t r o x id e s  

in  w hich th e  O C -N -O ’ u n i t  i s  a lm o s t p la n a r  (n ex t s e c t io n ) .

° \ - s i

O

(31)

Geometry

X-Ray c r y s t a l l o g r a p h i c  s t u d i e s  on two a c y l  n i t r o x i d e s
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s ?{ 3 2 ) ,  ( 33)  h av e  b een  r e p o r t e d  by M . J .  P e r k in s  e t  a l . The 

r e s u l t s  have p ro v id ed  a v a lu a b le  in s ig h t  in to  th e  s t r u c tu r e s  o f 

th e s e  a c y l n i t r o x id e s .

?\ / °  
N— C— N

^ B u

NO

C— N

(32) (33)

X-Ray c ry s ta l lo g r a p h y  on t - b u t y l - 3 ,5 - ^  in it ro b e n z o y l  

n i t r o x id e  (32) (a g re e n  s o l i d ,  m pt. 100°C ) showed a s t r u c tu r e  in  

w hich th e  CO-NO* m o ie ty  i s  e s s e n t i a l l y  p la n a r :  th e  d ih e d r a l  a n g le  

betw een th e s e  two g ro u p s  was ab o u t 14°. The ca rb o n y l-o x y g en  and 

n i tro x id e -o x y g e n  assum e an " a n t i"  r e l a t i o n s h ip  (34)^^  and th e  NO* 

bond le n g th  (1 .2 8  A) l i e s  w i th in  th e  ran g e  n o rm ally  a s s o c ia te d  

w i th  n i t r o x i d e s .  The i n te r m e d ia c y  o f  t h e  C-N bond l e n g t h

NO

NO
(34)

(1 .3 8  A) betw een th o se  f o r  C-N found in  am ides and C-N, su g g ested  

a s u b s t a n t i a l  d e g re e  o f  d o u b le  c h a r a c te r ;  c o n s i s t e n t  w ith  th e  

d o u b le  bonded c h a r a c te r  r e q u ir e d  by th e  reso n an ce  h y b rid s  (27b) 

and ( 28) ;  t h a t  i s  th e r e  i s  marked d e lo c a l i z a t i o n  in  th e  CO-N(O*) -  

m o ie ty  o f  ( 34) .  In  th e  c a se  o f  th e  s t r u c tu r e  p ip e r  id  in o ca rb o n y l 

n i t r o x id e  (31) th e  c a rb o n y l n i t r o x id e  C-N bond le n g th  i s  much
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J > ' ■ \  / O '
N-C ^ ■<— ► N=c 

- o ^  ^  \

(27b) (28)

g r e a t e r  th an  in  th e  d in i t ro b e n z o y l  n i t r o x id e :  th e  to r s io n  a n g le  

betw een th e  C and N c e n t r e s  i s  56°, w h i l s t  th e  amide u n i t  o f  th e  

p ip e r id in o c a rb o n y l  m o ie ty  i s  e s s e n t i a l l y  p la n a r .  F u rth e rm o re , in  

th e  c r y s t a l  th e  n i t r o x id e  n i tro g e n  i s  p y ra m id a liz e d , w ith  th e  

oxygen atom c a . 12° o u t  o f  th e  CNC p la n e . Competing in te r a c t io n s  

betw een th e  c a rb o n y l g roup  and th e  two n i tro g e n  atom s r e s u l t s  in  

l e s s  n i t r o x id e  d e lo c a l i z a t i o n  in  (31) th a n  in  (32) .

R e a c tio n s  o f  a c y l n i t r o x id e s

The in c re a s e d  s p in  d e n s i ty  a t  n i t r o x id e  oxygen in  a c y l 

n i t r o x id e s  compared w ith  d i a lk y l  n i t r o x id e s  le a d s  to  in c re a s e d  

r e a c t i v i t y .  The b e n e f i t s  o f  t h i s  in c re a s e d  r e a c t i v i t y  have been 

e x p lo i te d  in  s y n th e t ic  a p p l i c a t i o n s  p a r t i c u l a r l y  a s  h o m o ly tic  

o x i d a n t s . T h e  u se  o f  n e g a t iv e ly  s u b s t i tu t e d  n i t r o x id e s  

s u c h  a s  F re m y 's  r a d i c a l  (5 )  and  o r g a n i c  n i t r o x i d e s  (35)  a s  

o x id a n ts  have been w e ll  d o c u m e n t e d . T h e  fo rm er has been used

0,N
3 'N-

(5)

e x te n s iv e ly  a s  an o x id iz in g  a g e n t in  th e  c o n v e rs io n  o f  m onohydric 

p h e n o ls  to  q u in o n e s . I t  i s  r e p o r te d  t h a t  a c y l t - b u ty l  n i t r o x id e s
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c a n  be u se d  a s  h o m o ly t ic  o x i d i z i n g  a g e n t s  and l i k e  F re m y 's  

r a d i c a l ,  th ey  o x id iz e  p h e n o ls  to  qu inones by a s im i la r  mechanism. 

F or exam ple (F ig . 5 ) ,  th e  c o n v e rs io n  o f  a~ n a p h th o l (36) to  th e

r c o n (b u ) o *

(36)

(37)

^ r c o n (b u ) o h

RCONH b J

58

F ig . 5

c o rre sp o n d in g  q u inone (3 7 ) .^ ^  In  m ost c a s e s  o f  c o n v e rs io n  o f

p h en o l t o  qu inone th e  y i e l d s  a r e  v e ry  good, a lth o u g h  no g -b e n z o -

q u in o n e  w as o b t a i n e d  fro m  p h e n o l .  S in c e  t h e s e  r e a c t i o n  a r e

e f f e c te d  in  o rg a n ic  s o lv e n t s ,  th e  a c y l n i t r o x id e  has ad v an tag es

o v e r  F rem y 's  r a d i c a l  w hich i s  in a p p l ic a b le  in  o rg a n ic  s o lv e n t

w ith o u t th e  a id  o f  a p h ase  t r a n s f e r  a g e n t.  The a p p l ic a t io n  o f

a c y l  n i t r o x id e  o x id a t io n  in  th e  s y n th e s i s  o f  n a tu r a l  p ro d u c ts ,

59f o r  exam ple , th e  m ic ro b ia l  co-enzym e m eth o x a tin  (3 8 ) , has shown 

t h e i r  v e r s a t i l i t y .

COMe

IH COMe

H COMe

COMe

NH COMe

OMe

(38)

A nother p o t e n t i a l  v a lu e ,  i s  th e  e f f i c i e n t  and s e l e c t i v e  

o x id a t io n  o f  a l l y l i c  and b e n z y lic  a lc o h o ls  to  th e  c o rre sp o n d in g  

a ld e h y d e s  o r  k e to n e s .  T h is  i s  p r i m a r i l y  d u e  t o  a-CH  b o n d s
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b e in g  w eaker th an  th o se  in  s a tu r a te d  a lc o h o ls  a llo w in g  o x id a t iv e  

s e l e c t i v i t y .  V arious a c y l n i t r o x id e s  can be used which exem plify  

t h e  p o s s i b i l t y  o f  t a i l o r i n g  th e  r e a g e n t  t o  s o lv e  p a r t i c u l a r  

o x id a t io n  p robelm s. Thus th e  c o n v e rs io n  o f  v ita m in  A a lc o h o l 

(39) by t - b u t y l  undecanoyl n i t r o x id e  (40) gave r e t i n a l  (41) in  

c a . 90% y i e l d , w h e r e a s  th e  more r e a c t iv e  benzoyl n i t r o x id e  was 

l e s s  s a t i s f a c t o r y .

' CH2OH ^

2 C^qH2^CO N(Bu)o' (40)

;h o
+

(39)

CioH2 iC O N (b u )o H

A cy l t - a l k y l  n i t r o x i d e  h a v e  p ro v e n  good s y s te m s  f o r  

i n v e s t ig a t in g  a s p e c ts  o f  r a d i c a l  r e a c t i v i t i e s  due to  t h e i r  e a se  

o f  fo rm a tio n , coup led  w ith  t h e i r  h ig h  r e a c t i v i t y .  Com parison o f  

i n t e r -  and in t r a m o le c u la r  hydrogen a b s t r a c t io n  r e a c t io n s  u s in g  

a c y l  n i t r o x id e  g ro u p s h as  r e c e iv e d  much a t t e n t i o n  by P e rk in s  e t  

a l6 1 '6 2  w hich EM v a lu e s  ( e f f e c t iv e  m o la r i ty )  o f  th e  hydrogen 

do n o rs  in  th e  in tr a m o le c u la r  r e a c t io n s  a re  in  th e  range 1- 100. 

I n v e s t ig a t io n s  o f  how th e  m agnitude o f  EM's r e l a t e  to  s t r u c t u r a l  

geom etry  o f  r a d i c a l s  was c o n s id e re d , and how t h i s  r e l a t e s  to  th e  

much h ig h e r  EM v a lu e s  en c o u n te re d  in  many io n ic  in tra m o le c u la r  

r e a c t i o n s .

A cyl n i t r o x i d e s  fRC0NC(0* )R^] i n  wh i ch  R^ = H o r
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= p r im a ry , and secondary  a l k y l ,  undergo  d is p r o p o r t io n -  

a t i o n ^ ^ ' ^ ^  a s  f ound  i n  a l k y l  n i t r o x i d e  r a d i c a l s  ( s e e  a l k y l  

n i t r o x id e  s u b - s e c t io n ) .  In  th e  c a se  o f  a c y l a lk y l  n i t r o x id e s  

(42) ,  t h i s  d i s p r o p o r t io n a t io n  le a d s  to  a c y l n i t r o n e s  (2a ) ,  which 

a r e  n o t i s o l a t e d ,  b u t a c y la te d  by n u c le o p h i le s  i n t e r  a l i a  to  g iv e  

new p ro d u c t (4 3 ).; th e  r e a c t i v i t y  o f  th e  N -acy l n i t ro n e  does n o t 

allow- i t s  i s o l a t i o n .

(42) (2a) r'Cr  R^CH
R

R.R' = H , R ^ A d  j

R C O - N uc

(43)

H ussa in  e t  a l  ^ h as  shown t h a t  by s t r u c t u r a l  m o d if ic a tio n  i t

i s  p o s s ib le  t o  t r a p  th e  a c y l n i t r o n e  (F ig . 2) c y c lo a d d it io n .

N u c le o p h il ic  a t t a c k  on ca rb o n y l can  be reduced  by s t e r i c a l l y
2

h in d e r in g  s u b s t i t u t i o n  by a b u lky  t e r t i a r y  a lk y l  g roup R = 1-Ad 

and  R, R^ = H, t h e  r e a c t i v i t y  o f  t h e  n i t r o n e  m ax im ized  by 

rem oving s u b s t i t u e n t s .  Thus w ith  (2a)  and N -phenylm aleim ide th e  

c y c lo a d d it io n  p ro d u c t was form ed in  70% y i e l d .  In  t h i s  t h e s i s  

o th e r  exam ples o f  i n te r c e p t io n  o f  a c y l n i t r o n e  a r e  t o  be s tu d ie d  

u s in g  o th e r  b u lk y  1 R g ro u p s .

F u r th e r  e v id e n c e  f o r  th e  e x is te n c e  o f  a s im p le  ac y l n i t r o n e  

in v o lv e s  th e  e x is te n c e  o f  a n i t r o n e - n i t r o x id e  s p in  adduct (44) ,

form ed by th e  r e v e r s ib l e  t ra p p in g  o f  an a c y l n i t r o x id e  by th e  

n i t r o n e , i n  w hich co n fo rm atio n  ab o u t th e  NO bond in  th e  addend 

e t y  h a s  b een  s t u d i e d .  The c a l c u l a t e d  AG^ f o r  r o t a t i o nmoi
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(S
a b o u t N-0 c a , 8 k c a l/m o le , t h i s  be ing  s i m i l a r  to  th e  N-O bond

/O H  /O '

^  —  R C O < °
CH, CH,

(42) (2a)

CH] Y
(4 2 ) + (  2^  — ^  RCON— OCHj— N—COR 

R = A d  (44)

r o t a t i o n  in  N-O-C compounds.

V a l id a t io n  o f  th e  a c y l  n i t r o n e  s p e c ie s  by d i r e c t  o b s e rv a t io n  

was r e c e n t ly  ac h ie v e d  by P .P . Alewood e t  a l ;^^ in  t h e i r  work, 

ex ten d ed  c o n ju g a t io n  o f  n i t r o n e  le d  t o  a more s t a b l e  e n t i t y  th an  

th e  s im p le  N -acy l n i t r o n e s .  R eported  c a se s  in c lu d e

N -a c e ty l~ l,4 -b e n z o q u in o n e -im in e -N -o x id e  (45) and i t s  d im e th y l 

an a lo g u e  (46) .
o  O

O
(45)

The a c y l n i t r o n e  (45) a p p e a rs  t o  be i n d e f i n i t e l y  s t a b l e  a t

- 75°C w hereas th e  a c y l  n i t r o n e  (46) i s  re p o r te d  t o  be s t a b l e  up 

oto  -1 5  C; e lu c id a t io n  o f  th e s e  s t r u c tu r e  was by NMR sp e c tro sc o p y  

and  p r o d u c t  s t u d i e s .  Above th e  s t a b l e  t e m p e r a tu r e  th e  a c y l  

n i t r o n e  underw ent w hat was s a id  to  be an in tr a m o le c u la r  

re a rra n g e m e n t to  N -a c e to x y l-1 ,4 -b e n z o q u in o n e  im ines (47) .  The 

mechanism o f  re a rra n g e m e n t i s  unknown.
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+ 2 <-BuN-CCgH^(NO _

(45)  R . R : H
(46) RjRrMe

t -B u t i  - C C g H / N O , ) .  

OH ^

2 1
R R

(47)

K in e t ic s  o f  d i s p r o p o r t io n a t io n

K in e t ic  s tu d i e s  o f  g -H d is p r o p o r t io n a t io n  on N -m ethyl^^ and

64N -benzy l benzoy l n i t r o x id e  s u g g e s ts  a mechanism s im i la r  to  t h a t

34 35p ro p o sed  by K.U. In g o ld  e t  a l  '  f o r  th e  d i a lk y l  n i t r o x id e  (see

e a r l i e r )  (F ig . 6 ) a lth o u g h  th e r e  i s  no p h y s ic a l  ev id en ce  a t  low

te m p e ra tu re  f o r  th e  e x is te n c e  o f  any d ip o le - d ip o le  d im er (4 8 ).

Up to  now, in fo rm a tio n  a b o u t th e  s t r u c t u r a l  o r i e n t a t i o n  o f  a c y l

n i t r o x id e  r a d i c a l s  in  th e  t r a n s i t i o n  s t a t e  has rem ained e lu s iv e .

y O  ,  / O H
r ^c o - n ^  ^  ? •  r  ?■ r  —  R C O - N

V w R  R C - N - C H  R C - N - C H  CHR
R' R' + R'

'48) R ^ C O - N ^ ° '

^ R

F ig . 6 . ^

In  a d d i t io n  to  e x te n d in g  o u r knowledge o f  in te rm o le c u la r
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t r a p p in g ,  a g o a l of th e  p r e s e n t  work was to  exam ine in tra m o le c ­

u l a r  t ra p p in g  by o x id a t io n  e .g .  o f  (49) w hich m ight be to  g iv e  

(51) v ia  (5 0 ) . I n v e s t ig a t io n  o f th e  s y n th e s i s  and o x id a t io n  o f

(49) i s  d e s c r ib e d  in  C h a p te r  2 and 3.

9
II /O H  O o

R c — N II - o '  n
^  R C N  >- FlC— N 'O x

(50)' (51)

The a c y l n i t r o n e s  w ere e x p ec ted  to  have enhanced r e a c t i v i t y  

in  c y c lo a d d it io n  r e a c t io n s  when compared w ith  o th e r  n i t r o n e s .  

T h is  p o in t  i s  th e  s u b je c t  o f  c r i t i c a l  ex am in a tio n  by 

s e m i-e m p ir ic a l  M.O. m ethods in  C h ap te r 5.
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C h a p te r  2

S y n th e s is  o f  hydroxam ic a c id s  and t h e i r  c o rre sp o n d in g  

a c y l  n i t r o x id e .

The t a r g e t  m o lecu le s  in v o lv ed  in  t h i s  work were d es ig n ed  to  

g iv e  in fo rm a tio n  ab o u t th e  n a tu re  o f  in te rm e d ia te s  invo lved  in  

th e  o n e -e le c t ro n  o x id a t io n  o f  N -alky lhyd roxam ic  a c id s .  In  th e  

p r e p a r a t io n  o f  th e  v a r io u s  hydroxam ic a c id s ,  th e  ro u te s  fo llow ed  

w ere a d a p ta t io n s  o f  w e ll  e s ta b l i s h e d  m ethods o f  p r e p a r a t i o n . The 

t a r g e t  m o lecu le s  in c o rp o ra te d  s t e r i c  g ro u p s , i s o la te d  dou b le

b onds, and c o n ju g a ted  d o u b le  bonds, d e s ig n e d  to  g iv e  in fo rm a tio n

a b o u t th e  r e a c t i v i t y  and s t r u c t u r e  o f  d e r iv e d  a c y l n i t r o x id e s  and 

a c y l  n i t r o n e s .

The s y n th e s e s  can  be d iv id e d  i n to  two s e c t io n s ;  ( I )  The 

p r e p a r a t io n  o f  N -(p rim a ry )a lk y lh y d ro x a m ic  a c id s  w ith  s p e c i f i c  

f e a tu r e s  t o  e n a b le  th e  e f f e c t s  on th e  r e a c t i v i t y  o f  th e  a c y l 

n i t r o x id e  to  be s tu d ie d  and to  f a c i l i t a t e  th e  tra p p in g  o f  th e  

r e a c t i v e  a c y l n i t r o n e  by i n t r a -  o r  in te r m o le c u la r  i n te r c e p t io n .

R : C H j = C H - , R '  = Ph (49a) 

r 'c O N - O H  R= C H j= C H - ,  R ' - A d  (49b)
C H ; R = H ,R '= A d  ( 5 2 a )
R ' R = H ,R - B u* (52b)

R = E t , R = P h  (53)
R =P h,R -P h  (54)

( I I )  The p r e p a r a t io n  o f  an  N -t-a lk y lh y d ro x a m ic  a c id  (55) w ith  th e  

p r e s e n c e  o f  a c o n ju g a t e d  d o u b le  b o n d ; r e g u i r e d  to  s tu d y  th e  

in tr a m o le c u la r  r a d i c a l  a d d i t io n  o f  a c y l n i t r o x id e  r a d ic a l  to  

d o u b le  bond (see  C h a p te r  3 ) .
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P r e p a r a t io n s

S e v e ra l  g e n e ra l  m ethods have evo lved  th ro u g h  many y e a rs  o f

6 8
r e s e a r c h  in  t h e  p r e p a r a t i o n  o f  h y d ro x a m ic  a c i d s .  The key  

in te rm e d ia te  in v o lv ed  in  m ost m ethods i s  th e  N -alky lhyd roxy lam ine  

(56) w hich can be p re p a re d  by two main r o u te s .

R -N H O H

(56)

( I )  The p r e p a r a t io n  o f  N- 1 ° , 2 ° , 3° a lk y Ih y d ro x y lam in e  by scheme 

1 in v o lv in g  th e  o x i d a t i o n  o f  amine to  hydroxy lam ine .

R N H ; --------   R N O ; ------► R N H O H

Scheme 1

( I I )  The p r e p a r a t io n  o f  N - t-a lk y lh y d ro x y la m in e s  by scheme 2.

/ P h  n
r n H j — ^  R N = c  —

I
RNHOH

Scheme 2

A c y la t i o n  o f  t h e  N - a lk y lh y d r o x y la m in e s  n o rm a l ly  g i v e s
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m ix tu re s  o f  th e  N- and Q -a c y la te d  d e r iv a t iv e s  (scheme 3 ) , th e  

p r o p o r t io n s  depend ing  on th e  a lk y l  g ro u p , th e  a c y la t in g  group and 

th e  r e a c t io n  c o n d it io n s  u s e d .^ ^

R C O X  + R NO H  — R C ON R OH + RCOONR"

Scheme 3

The s y n th e s i s  o f  N -m ethy l-N -adam antanecarbonylhydroxylam ine 

(52a) in  t h i s  work h as  been c a r r ie d  o u t  by t h i s  m ethod, in  which 

a lm o s t e x c lu s iv e  N -a c y la tio n  o c c u rs  in  good y ie ld  (66% based upon 

N -m ethylhydroxylam ine  h y d ro c h o r id e ) . In  c o n t r a s t ,  in  th e

s y n th e s is  o f N-m sthyl-N-pivaloylhydro?ylamine (52b) in  th is  work,

o  o  o
II , II II /OH

A d C —OH — ^  A d C —Cl — ^  A d C —N

('52a)

b o th  N- and 0 - a c y l a t i o n  o c c u rs ,  s e p a r a t io n  o f  p ro d u c ts  (52b) and

(57) was by f l a s h  ch rom atography  u s in g  s i l i c a  g e l ,  y ie ld  16%.

tn o  OH o
B u C - C I  — B u C - n"̂ + B u C - O N H M e

^Me

(52b) (57)

The s o lu t io n  to  th e  problem  o f  N- and Q -a c y la tio n  in v o lv e s

46
0 - p r o t e c t io n  a s  r e p o r te d  by P e rk in s  e t  a l . I t  i s  found , f o r  

exam ple, t h a t  a c y la t io n  o f  N -t-b u ty lh y d ro x y lam in e  w ith  a c e t i c  

a n h y d rid e  g iv e s  e s s e n t i a l l y  p u re  0 -a c e ty l-N - t-b u ty l-h y d ro x y la m in e  

(5 8 ) . T h is  co u ld  be a c y la te d  on n i tro g e n  to  g iv e  (5 9 ) ,
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fo llo w ed  by th e  rem oval o f  th e  a c e ty l  g roup  to  g iv e  a v a r i e ty  o f 

hydroxam ic a c id s  RCON(Bu^)OH (60) which co u ld  be o x id iz e d  to  g iv e  

s t a b l e  i s o l a t a b l e  r a d i c a l s  (61) (R = a lk y l ,  a r y l ,  a lk o x y ,

d ia lk y la m in o )  (se e  scheme 4 ) . T here  a r e  s e v e r a l  d isa d v a n ta g e s

B u N H z — ^  B u N O z  — ^  B u N H O H  — B u N H O A c
(58)

1

O t /°H  t
B u  N —  B u  N —  B u N O A c

^COR COR COR

(61) (60) (59)
Scheme 4

in  t h i s  m ethod. F i r s t l y ,  th e  method i s  te d io u s  and th e  y ie ld

o b ta in e d  in  th e  r e d u c t io n  o f  Bu NO  ̂i s  e r r a t i c  and f re q u e n tly

p o o r . In  p a r t  t h i s  i s  due to  th e  v o l a t i l i t y  o f  th e  h y d ro x y l-  

a m in e s  and  i t s  s u s c e p t i b i l i t y  t o  a e r i a l  o x i d a t i o n .  In  some 

in s ta n c e s  th e  h y d r o ly s is  o f  th e  0 - a c y l  d e r iv a t iv e s  (59) r e q u i r e s  

an i n e r t  a tm osphere  and t h i s  c o n v e rs io n  t o  th e  hydroxam ic a c id  

h as a l s o  p re s e n te d  o th e r  d i f f i c u l t i e s .

Sammes g ro u p é^ has shown t h a t  hydroxam ic a c id s  (62) can be 

p re p a re d  by d i r e c t  o x id a t io n  o f  t r i m e t h y l s i ly l a t e d  am ides (63) 

u s in g  in  th e  p re s e n c e  o f  a m olybdenurn c a t a l y s t ,  b u t y ie ld s

have been found to  be low .
O o
II , II / O H

R C - N R  — ► R C —N
H ''R '

(63) (62)
A new p ro ce d u re  was re p o r te d  by P .F . Alewood e t  a l . T h is

72
was based  upon G. Z in n e r 's  one s te p  s y n th e s is  o f  0 -b e n z o y l-N -t-  

b u ty lh y d ro x y lam in e  (65) d i r e c t l y  from t-b u ty la m in e  (6 4 ). T h is
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method in v o lv e s  a f i r s t  a d d i t io n  o f  a lk y la m in e  to  benzoyl p e r ­

o x id e  (6 6 ) in  benzene o v e r  a p e r io d  o f  15-30 m ins, fo llow ed  by a 

second a d d i t io n  o f  a s im i l a r  q u a n t i ty  o f  amine to  th e  m ix tu re  and 

th e  te m p e ra tu re  o f  r e a c t io n  r a i s e d  to  40°C f o r  3-4 h o u rs .

U n like  th e  O -a c e ty l  an a lo g u e  in  th e  p re v io u s  s y n th e s i s ,  th e  

key compound (65) i s  s t a b l e  o v e r  p ro lo n g ed  p e r io d s  and i s  e a s i l y  

h a n d le d .  The r e a c t i o n  o f  (6 5 )  w i th  s u i t a b l e  a c y l  c h l o r i d e s  

a llo w s  th e  p r e p a r a t io n  o f  a range  o f  s u b s t i tu t e d  O -b e n z o y l-N -t-  

bu ty lbenzohydroxam ic  a c id s .  The h y d ro ly s is  o f  such  compounds 

(67) w ith  e th a n o l ic  barium  h y d ro x id e , fo llo w ed  by a c i d i f i c a t i o n

O o  o

2 BuN H; + Phüoocph BuNHOCPh + PhCOOH

(66 ) (65) ^

PhCO' *NHjBu

w ith  g l a c i a l  a c e t i c  a c id  r e q u i r e s  an  i n e r t  a tm osphere  and cou ld  

only be achieved in  approxim ately 60-90% y ie ld . A major iirprcve-

t t f /O H
BuNHOCOPh — ^  Bu N — BuN

^O CO Ph \ c o R

(67)

m ent in  t h i s  r e s p e c t  w as r e p o r t e d  by A lew ood e t  a l ^^ in  th e

d e p ro te c t io n  o f  hydroxam ic a c y la te s  by tra n s a m id a tio n  u s in g

h y d raz in e  h y d ra te . R e a c tio n  o f  an  e th a n o l ic  s o lu t io n  o f  (67)

w ith  la r g e  e x c e ss  (7 .5  mole e q u iv . ) o f  h y d ra z in e  h y d ra te  a t  40°C
O

P h Ü - N - O H  (49a)
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f o r  1 1 /2  h o u r s  g a v e  h y d ro x a m ic  a c id  (6 0 )  o f  h ig h  p u r i t y  in  

y i e l d s  g r e a t e r  th an  90%.

In  an a tte m p te d  p r e p a r a t io n  o f  N -a lly lb en zo h y d ro x am ic  a c id  

(49a) u s in g  th e  Alewood m ethod, th e  p r e p a r a t io n  o f  N -a lly l-O -  

b enzoy lhydroxy lam ine  (6 8 ) p roved  im p o ss ib le  due to  a re a r ra n g e ­

ment t o  an amide (69) (a s  shown by i t s  IR spectrum ) [scheme 5] 

p rev iously  r e p o r t e d , w h e r e  R = primary a lk y l . This prcnpted 

2 + (p h C O j^  _  4^2> \/N H O C O P h

( 6 8 )

th e  in v e s t ig a t io n  o f  a l t e r n a t i v e  m ethods f o r  th e  p re p a r a t io n  o f  

N -a lly lh y d ro x a m ic  a c id s .

O
^  / > ^ N H % O P h  .ÿ 2 ^ \/V H O (:P h

e L ;

(69;

( 6 9 ;
Scheme 5

Sim ple a lk y l a t i o n  on n i t r o g e n  in  N ,0 -d ibenzoy lhyd roxy lam ine  

(70) was a tte m p te d  a s  a r o u te  t o  p re p a re  (71) u s in g  KOH a s  b a se .

^ o o
PhCOEt — ► phC— NHO'K* — ^  P h ë — NOCXtPh (7 0 )

I?
PhNHCNHPh phCON-OCOPh

(71) I /  (72)
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T h is  r e a c t io n ,  to o , cou ld  n o t be r e a l i s e d .  R earranged p ro d u c ts

73(7%) r e s u l t i n g  from L essen  rea rran g em en t (scheme 6 ) were

fo rm e d . When th e  r e a c t i o n  was c a r r i e d  o u t  u s in g  p o ta s s iu m

c a rb o n a te  a s  b a se , N- (7%), and O- (73) a lk y la t io n  o c c u rre d . The

O
PhCONOCOPh PhC — N— OCOPh

M KOH ©

X
PhN =:C -0

| 0 H '

O O
II CO, II

PhNHCNHPh —  PhNH2 —  PhNHCOH 
PhN=iC=;0

Scheme 6

s e p a r a t io n  o f  p ro d u c ts  proved  d i f f i c u l t  and th e  s t r u c t u r a l  

d i f f e r e n t i a t i o n  betw een N- and O - a l ly la te d  compounds d i f f i c u l t .

O
PhC O N O œ Ph P h 8 - N o 8 ph  ,  p ,/C = N O C O P h

H K CO ,
■ (73)

(72)

In  view o f  d i f f i c u l t i e s  in  s t r u c t u r a l  e lu c id a t io n  o f  (71) 

and (7 3 ) , th e  u se  o f  a b en zy l g roup  a s  an 0 - p ro te c t io n  group was 

c o n s id e r e d .  The a l k y l a t i o n  o f  (7 4 ) was c a r r i e d  o u t  u s in g  

p o ta ss iu m  c a rb o n a te  a s  base  ( t o t a l  y ie ld  58%) ;N -  (75) and O-

(76) a lk y la t io n  o c c u rre d  in  a r a t i o  1 : 1 .4  r e s p e c t iv e ly .

I t  i s  r e p o r te d  t h a t  p ro p o r t io n s  o f N and O a lk y la t io n  can be

O O O
PhCOEt —^  PhC— NHO'K" —^  PhC— NOBzl

H
(74)
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o
Phc!— N— OBzl C=:NOBzl

(75) (76)

74v a r ie d  u s in g  phase t r a n s f e r  c a t a l y s t .  The use  o f  t e t r a b u t y l -
X

ammonium h y d ro su lp h a te  (77) a s  a phase t r a n s f e r  c a t a ly s t  reduced 

th e  y ie ld  o f  a lk y la t io n  o f  (74) to  9%, b u t in creased  th e  r a t i o  

PhCONOCHjPh PhCONOH

(75) (49a.)
o f  N- (75) to  O -a lk y la t io n  (76) to  1 : 1 .0 5 . However a tte m p ts  to

the
red u ce  (75) t o  hydroxam ic a c id  (49a) w ere abandoned due to  lew

X.
y i e l d  o f  (75) and d i f f i c u l t i e s  in  i s o l a t i o n .

Bu^NHSO;
(77)

An a l t e r n a t i v e  a p p ro a c h  t o  t h e  p la n n e d  e le c t r o c h e m ic a l

r e d u c t io n  o f  benzy l p r o te c t in g  g roup  was t o  use  th e  o r th o - n i t r o -

b enzy l g ro u p , e x te n s iv e ly  used in  c a rb o h y d ra te  c h e m is try  as  a

75 76p r o te c t in g  g roup  f o r  th e  C-O- (78) m o ie ty . '  I t  has a u s e fu l

p r o p e r t y  in  t h a t  i t  c a n  be rem oved by p h o t o l y s i s  u s in g  UV

> 320 nm in  v a r io u s  s o lv e n ts .  R e c e n tly , s e p a ra t io n  o f  p ro d u c ts

h a s  been improved by th e  b in d in g  o f  th e  o r th o - n i t ro b e n z y l  group
77

t o  v a r io u s  copolym ers (79) such  a s  s ty re n e -d iv in y lb e n z e n e .

, - < r ^  _  R _ o HR —O— > —► R—OH +

NO2

(78)

ROCH O
II

-O CN H R
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Me

RO —( P

NO
(79)

The mechanism in v o lv ed  in  p ho tochem ica l r e d u c t io n  has been

78s tu d ie d  by G ravel e t  a l . I t  i s  th o u g h t t o  in v o lv e  th e  p h o to ­

e x c i t a t i o n  o f  o r th o - n i t r o  g roup  (78) to  an e x c i te d  s i n g l e t  s t a t e  

(8 0 ) , w hich a b s t r a c t s  th e  b e n z y lic  hydrogen and le a d s  to  th e  

fo rm a tio n  o f  a q u in o id  s p e c ie s  (8 1 ) , le a d in g  to  th e  e v e n tu a l  

fo rm a tio n  o f  an a lc o h o l  and n itrosoccm pound  (8 2 ). P h o to e x c i­

t a t i o n  o f  o r th o - n i t r o  g roup  s  (scheme 7) t o  an e x c i te d  s i n g l e t

s p e c ie s  c o n ta in in g  d e g re e s  o f  t r i p l e t  s p in  c h a ra c te r  a re  known;

78
th e  d e g re e  depend ing  on th e  R g roup .

R O C H r - ^ 2 ^

NOz

(78)

hi'

RO

ROH + OCH— ^  ^

Scheme 7 
  (82)

(80)

- p
"O— N+

OH

(81)

\
RO—CH— 7

I
OH
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. .In th e  c a se  o f  th e  model compound (83) in  CCl^, p h o to ly s is  

w as d o n e  u s in g  UV l i g h t  > 320 nm, m o n i to r in g  by t . l . c .  u s in g  

s i l i c a  g e l  a s  a b s o rb a n t;  t h i s  led  to  th e  fo rm a tio n  o f 

b e n z o h y d ro x a m ic  a c id  (8 4 )  i d e n t i f i e d  by c o m p a r is o n  w ith  th e  

a u th e n t ic  benzohydroxam ic a c id .  The p r e p a r a t io n  o f  N -b en zo y l-0 - 

- o r t h o - n i tro b e n z y l  hydroxy lam ine (85) was a c h ie v e d  v ia  a ro u te

P h C O N O C H zH ^ ^ ^  —^  PhCONOH 

NO,
(83) (84)

s i m i l a r  to  t h a t  o f  N -benzoy l-O -benzy lhydroxy lam ine  (7 4 ).

In  th e  c a se  o f  N -a lly l-N -b e n z o y  1 -O -o rth o -n itro b e n z y lh y d ro x ­

y lam in e  (8 5 ) , p h o to ly s i s  le d  t o  a  complex m ix tu re , (m onito red  by 

t . l . c .  on s i l i c a  g e l  u s in g  v a r io u s  s o lv e n t  sy stem s) in  which th e  

s e p a r a t io n  o f  th e  sm a ll q u a n t i ty  o f  hydroxam ic a c id  (49a) would 

have been p r a c t i c a l l y  im p o ss ib le . The i d e n t i f i c a t i o n  o f  

hydroxam ic a c id  was by s p ra y in g  w ith  f e r r i c  c h lo r id e  s o lu t io n  in  

w hich a p u rp le  c o lo u r a t io n  i s  i n d ic a t iv e  o f  hydroxam ic a c id .

P h C O N O C H f ^ ^ ^  — PhCONOH 

NOz

(85) (49a)

The p r e p a r a t io n  o f  (85) in v o lv ed  a s im i la r  ro u te  to  th e  p r e -
c\

p a r a t io n  o f  (7 5 ) . In  th e  ab sen ce  o f  phase  t r a n s f e r  c a t a l y s t  th e
X

a lk y l a t i o n  y ie ld  was 41% (based  upon (83) ) ; r a t i o  o f  N- to  O-
q

a l k y l a t i o n  i s  2 ,1  : 1 . In  t h e  p r e s e n c e  o f  p h a s e  t r a n s f e r
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P hC O N O C H r(\ /) —  P h C O N O C H r / ^  + E ZPhC O N O C H r/ / )  + E 

^  . h r  o .NOg O-alkylation
isoAAers

(85)
(83)

c a t a l y s t  N-benzy 1 -N -trie th y lan m o n iu m  c h lo r id e  (8 6 ) , th e  a lk y l ­

a t i o n  o f  th e  n itro b e n zy lh y d ro x a m a te  gave a p o o re r  y i e ld  (25%),

( 86}

b u t  th e  r a t i o  o f  N to  O a lk y la t i o n  was improved to  3 .9  : 1.

The p r e p a r a t io n  o f  N -a lly lb en zo h y d ro x am ic  a c id  (49a) wàs

e v e n tu a l ly  ach iev ed  by r e f e r r i n g  back to  Z in n e r 's  method as  used

in  s y n th e s iz in g  p rim ary  N -benzy1-O -benzoylhydroxylam ine by R.O.C. 

79
Norman e t  a l . The r e a r r a n g e m e n t  to  am id e  o f  N - a l ly 1 - O -  

benzoy lhydroxy  lam ine p re p a re d  by t± e  Z inner/A le\vood p ro ce d u re  was 

s u b s t a n t i a l l y  red u ced  u s in g  a  d e f ic ie n c y  o f  am ine. The r e s u l t i n g  

hydroxy lam ine  was i s o l a te d  a s  th e  h y d ro c h lo r id e  by a d d i t io n  o f  

hydrogen  c h lo r id e  g a s .  F o llow ing  t h i s  p ro c e d u re , u s in g  a p p ro x . 

e q u im o la r  a l ly la m in e  and b en zo y l p e ro x id e  fo llo w e d  by hydrogen 

c h lo r id e ,  N -a lly l-O -b e n z o y lh y d ro x y la m in e  h y d ro c h lo r id e  (87) was 

o b ta in e d  in  low y i e l d  (16.5% ). N -A cy la tion

Oo o
PhCO-OCPh + RNH. —^  RNHOCPh

1
RNHOCÇPh-HCI

(87)
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o f (87) by benzoyl c h lo r id e  proceeded  sm oo th ly , and d e p ro te c t io n  

o f  th e  N -a lly l-N -b e n z o y  1-O -benzoylhydroxy lam ine  (88) to  N - a l ly l ­

benzohydroxam ic a c id  ach iev ed  by tra n s a m id a t io n  u s in g

e th a n o l ic  h y d ra z in e  h y d ra te  in  a n i tro g e n  a tm o sp h ere , ( y ie ld  

37%).

^^^^^N H O C O Ph -
v^wrn

(88) (49a)

The t a r g e t  m o le c u le s  N -benzyIbenzohydroxam ic a c id  (5 4 ) , 

N -n-propy lbenzohydroxam ic  a c id  (53) and N -a lly l -N -( l- a d a m a n ta n e ) -  

carbon y lh y d ro x y lam in e  (49b) w ere p re p a re d  u s in g  t h i s  m ethod.

/O C O P h

C O Ph

OH

COPh

P hC O N
/ O H / O H  OH

P hC O N  AdCON
CH2CH2CH3^ZH^Ph2 -2W. .2V.I I3

(54) (53) (49b)

A s h o r t  p ie c e  o f  worK in v o lv ed  in  t h i s  t h e s i s  in v o lv ed  th e

p r e p a r a t io n  o f  th e  s ti lb e n e c a rb o n y lh y d ro x y la m in e  (90) a s  shown in

scheme 8. D s p ro te c tio n  o f  th e  O -benzoylhydroxylam ine (91) was

a tte m p te d  u s in g  e th a n o l i c  h y d ra z in e  h y d ra te ,  b u t  none o f  th e

re q u ir e d  compound (55) was found . I n s te a d ,  e le m e n ta l a n a ly s i s  

O CHPh

P h C H ,C O  H

C H ,P h

Scheme 8

O ^ N O C O p h '
Bu (90)
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and s p e c tro s c o p ic  s tu d y  o f a c r y s t a l l i n e  p ro d u c t su g g e ste d  t h a t  

oxygen had been in c o rp o ra te d  and a h y d ro p ero x id e  may have been 

fo rm e d . S i m i l a r l y  t h e  a t t e m p te d  d e p r o t e c t i o n  o f  (5 5 ) w i th  

e th a n o l ic  barium  h y d ro x id e  fo llo w ed  by th e  e x t r a c t io n  p ro c e s s  

gave  th e  same p ro d u c t .  T h is  i s  d is c u s s e d  in  d e t a i l  in  C h ap te r 3.

When th e  d é b e n z o y la tio n  was c a r r ie d  o u t u s in g  sodium  m ethox- 

id e  u n d e r a rg o n , th e  a c id  (5 5 ) , a w h ite  s o l id  m pt. 63-68°C, was 

o b ta in e d  in  e x c e l le n t  y i e l d .
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C h a p te r 3

S t r u c tu r e  and R e a c tio n  K in e tic s  o£ Acyl N itro x id e

(a )0 ~ D is p ro p o r t io n a t io n  r e a c t io n  o f  a c y l n i t r o x id e s

S t r u c t u r a l  f a c t o r s  a r e  im p o r ta n t  in  p r e v e n t in g  s e l f ­

r e a c t io n  o f  an o rg a n ic  n i t r o x id e ,  o th e r  th a n  by d im e r iz a tio n  a t  

th e  N-O* c e n t r e .  The ab sen ce  o r  p re se n c e  o f  a 3 -hydrogen  can 

a f f e c t  th e  r e a c t i v i t y  o f  n i t r o x id e  r a d i c a l s ,  however th e  v a s t  

m a jo r i ty  o f  o rg a n ic  n i t r o x id e s  a re  u n s ta b le  because  th ey  r e a c t  

w ith  each  o th e r  th ro u g h  some o th e r  c e n tr e  o f  th e  m olecu le  (see  

C h a p te r  1 ) . R e a c tio n s  can  o c c u r by hydrogen t r a n s f e r  betw een two

n i t r o x id e  r a d i c a l s  a t  l e a s t  one o f  w hich p o s s e s s e s  a 3 -hydrogen .

34Removal o f  th e  3 -hyd rogen  le a d s  to  a n i t r o n e .  The i n i t i a l  

s te p  in v o lv e s  th e  r e v e r s ib l e  fo rm a tio n  o f  a d im er a s  seen  a ls o  in  

th e  s e l f - r e a c t i o n  o f  pe ro x y  r a d ic a l s ^ ^  (scheme 9 ) .

ROO- + ROO- ^  R O O - O O R  —

(91) Ca ^
coMbination/ suffusion

ROOR tO g  2 RO'+Og

Scheme 9

The r a t e  c o n s t a n t s  o f  h y d ro g e n  atom  a b s t r a c t i o n  by f r e e  

r a d i c a l s  fro m  d ia m a g n e t i c  m o le c u le s  d ep e n d  p r i m a r i l y  on th e  

a c t i v a t i o n  en e rg y  o f  th e  r e a c t io n .  The r e a c t io n  p ro ceed s  r a p id ly  

o n ly  i f  th e  a c t i v a t i o n  en e rg y  i s  s m a ll, th e r e fo r e  o n ly  ex o th erm ic  

hydrogen a b s t r a c t io n s  a r e  l i k e l y  to  be f a s t . ^ ^

In  peroxy  r a d i c a l  o x id a t io n s  in v o lv in g  hydrogen a b s t r a c t io n ,  

th e  r a t e  i s  l i k e l y  to  be f a s t  i f  th e  ROO-H bond
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form ed i s  a t  l e a s t  a s  s tro n g  a s  t h a t  which i s  broken in  R-H.

Peroxy r a d i c a l s ,  w hich a r e  s t r o n g ly  reso n an ce  s t a b i l i z e d ,  have

80e s tim a te d  ROO-H bond s t r e n g th s  o f  ab o u t 90 k c a l/m o le  [B enson],

w hich means t h a t  t h i s  bond i s  s t r o n g e r  th an  a b e n z y lic  o r  a l l y l i c

C-H bond (84 k c a l /m o le )  o r  a ld e h y d e  C-H bond (86 k c a l /m o le )

a llo w in g  ra p id  hydrogen a b s t r a c t io n  in  th e s e  c a s e s .  The bond

s t r e n g t h  o f  ROO-H i s  c o m p a ra b le  t o  a t e r t i a r y  C-H bond in

s a tu r a te d  hyd ro carb o n s ( c a . 9 2 k c a l/m o le ) ,  t h e r e f o r e  ROO* a re

c o m p a ra tiv e ly  u n r e a c t iv e  r a d i c a l s  tow ards a b s t r a c t io n  from

s a tu r a te d  h y d ro ca rb o n s . Hydrogen a b s t r a c t io n s  by peroxy  r a d i c a l s

81a l s o  e x h ib i t  l a r g e  d e u te r iu m  k i n e t i c  iso to p e  e f f e c t s .

A lth o u g h  R-H bond s t r e n g t h  i s  a n  im p o r ta n t  f a c t o r  in  

d e te rm in in g  r a t e  c o n s ta n ts  f o r  hydrogen a b s t r a c t io n  from R-H, 

s t e r i c  and  p o l a r  e f f e c t s  a l s o  p la y  a s i g n i f i c a n t  r o l e .  F o r 

exam ple, t e r t i a r y ,  cum ylperoxy r a d i c a l s  a r e  l e s s  r e a c t iv e  th an  

se co n d a ry  à Iky 1 peroxy) r a d i c a l s  tow ards cumene and a l s o  

t e t r a l i n . ^ ^  In  g e n e r a l ,  p rim ary  and seco n d ary  a lk y lp e ro x y  

r a d i c a l s  a p p e a r  t o  be 3 -5  tim es  more r e a c t iv e  in  a b s t r a c t io n  th an  

a r e  t e r t i a r y r a d i c a l s .

I n  th e  a c y l  n i t r o x i d e  s y s te m s ,  an  im p o r ta n t  f a c t o r  in

hydrogen a b s t r a c t io n  r e a c t io n s  i s  th e  NO-H bond s t r e n g th .

51 82 J e n k in s  ex ten d ed  th e  Ingo ld  e q u il ib r iu m  m ethod, in

c a lc u la t in g  th e  NO-H bond s t r e n g th  f o r  a  s e r i e s  o f  s u b s t i tu t e d

N -t-b u ty lb en zo h y d ro x am ic  a c id s ;  and su g g ested  t h a t  th e  4 -d im e th -

y lam in o - th ro u g h  to  th e  3 ,5 - d i n i t r o -  d e r i v a t i v e s , shou ld  a llo w  a

v a r i a t i o n  in  0-H  bond s t r e n g t h  o f  a b o u t  10 k c a l /m o le .  The

i n s e n s i t i v i t y  o f  th e  0-H B.D .E. to  th e  s t e r i c  n a tu re  o f  th e  a lk y l

46



group  has been re p o r te d  by S .L .S m ith^^  in  th e  in v e s t ig a t io n  o f  a 

s e r i e s  o f  a lk y l s ;  N - t-b u ty l  (30a) and N -fe n c h e ly l (92) in  which 

a c o n s ta n t  B.D .E. o f  78 .0  k c a l/m o le  was r e p o r te d .

y O H

PhCON PhCON

(30a) (92)

E x te n s iv e  work by K.U. In g o ld  e t  a l ^^ and M .J. P e rk in s  e t
63

a l  on th e  se c o n d -o rd e r  d is p r o p o r t io n a t io n  r e a c t io n s  o f

n i t r o x id e s  and a c y l  n i t r o x id e s  r e s p e c t iv e ly  have been

in v e s t ig a te d  by e . s . r . .  In  th e  c a se  o f  N -m ethy l- (93)^^  and

N -benzylbenzohydroxam ic a c id s  (5 4 ) ,^ ^  la r g e  d e u te riu m  k in e t i c

i s o t o p e  e f f e c t s  i n d i c a t e  th e  e f f e c t  o f  i n c r e a s e d  B .D .E . o f

B -h y d ro g e n s  when r e p l a c e d  by d e u te r iu m  on th e  lo w e r in g  o f

r e a c t io n  r a t e s .  R ate c o n s ta n ts  ( a t  75°C d e te rm in ed  by e . s . r . )

f o r  hydrogen a b s t r a c t io n  hy (94) in  cumene, e th y lb e n z e n e , to lu e n e

w e re  fo u n d  t o  be  4 .9  x 10 3 .0 2  x 1 0 ~ ^ , and 0 .2 1  x lO""^

-1  -1I mol s e c  : c o n s id e r in g  to lu e n e  to  be u n i ty ,  r e l a t i v e  r a t e s  p e r

b e n z y lic  hydrogen f o r  a b s t r a c t io n  from  PhCH^, PhCH^CH^ and

PhCH(CH^)^ 1 : 1 4 .4  : 2 3 .4  r e f l e c t s  t h e  o r d e r  o f  d o n o r  C-H 

84B .D .E .. E q u ilib r iu m  s tu d i e s  f o r  OH bond o f  N -t-b u ty Ib en zo h y d ­

roxam ic a c id s  (se e  e a r l i e r )  c a . 78 k c a l/m o le  im p lie s  a b s t r a c t io n  

fro m  cum ene c a n  be o n ly  1 k c a l /m o le  e n d o th e r m ie .  H ydrogen  

a b s t r a c t io n  from e th y lb e n z e n e  o r  to lu e n e  m ust be c o r r e s ­

p o n d in g ly  more e n d o th e rm ie , th e r e f o r e  r e a c t i v i t i e s  o f  b e n z y lic  

hydrogens tow ards a c y l n i t r o x id e s  a re  u l t im a te ly  dete rm ined  by 

th e  a c t i v a t io n  e n e rg ie s  f o r  th e s e  b im o le c u la r  p ro c e s s e s .
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^NO (94)
Bu(

As an  e x t e n s i o n  to  t h e s e  s t u d i e s ,  w ork in  t h i s  t h e s i s  

in c lu d e d  th e  in v e s t ig a t io n  o f  th e  k i n e t i c s  o f  ^ - d i s p r o p o r t io n ­

a t i o n  o f  N -n -p ro p y l (5 3 ) , N - a l ly l -  (4 9 a ) , N -bcnzylbenzohydroxam ic 

a c id s  (54) and ^ a lly l-N -a d a m a n ta n e c a rb o n y lh y d ro x y lam ine (49b ). 

The d is p r o p o r t io n a t io n  o f  th e  N -(p rim ary )aJk y lh y d ro x am ic  a c id s  

p roved  to  be c le a n ly  se c o n d -o rd e r  p ro c e s s e s  by m o n ito rin g  th e  

r a d i c a l  c o n c e n tra t io n  o v e r  3 1 /2  h a l f - l i v e s ;  such  a p e r io d  a llo v /s  

d i s t i n c t i o n  betw een f i r s t -  and se c o n d -o rd e r  r e a c t io n s  by p lo t s  o f  

In  C v s .  tim e and 1/C v s .  tim e r e s p e c t i v e l y . ’ The m agnitude o f  

th e  s e c o n d -o rd e r  r a t e  c o n s ta n ts  f o r  th e  s e r i e s  o f  oompounds m igh t 

be e x p e c te d  to  fo llo w  th e  o r d e r  (53) < (54) (4 9 a ) . For (4 9 b ),

w hich h a s  an  a lk a n o y l s u b s t i t u e n t  in  p la c e  o f  b e n z o y l, i t  m igh t 

be  e x p e c te d  t h a t  ( 4 9 b ) < ( 4 9 a ) ,  s i n c e  t h e  PhCON(Bu^)0-H bond 

s t r e n g th  i s  a p p re c ia b ly  g r e a t e r  th a n  RC0N(Eu^)0-H [Jen k in s]

/ O H  OH
PhCON PhCON

N :H ,P h
(93) (54) ,(p]

The a c t u a l  )3-CH bond  s t r e n g t h s  in  t h e s e  r a d i c a l s  a r e  

unknown. The f ig u r e s  g iv e n  in  th e  T ab le  below a re  bond 

d i s s o c i a t i o n  e n e rg ie s  f o r  p rim ary  CH, b e n z y lic  CH, and a l l y l i c  CH 

in  e th a n e ,  to lu e n e , and p ropene r e s p e c t iv e ly .  The v a lu e s  in  th e  

n i t r o x id e s  w i l l  be much lo w er, b u t  th e  s u b s t i t u e n t  e f f e c t  sh o u ld  

be in  th e  same d i r e c t i o n .

The h ig h  r a t e  o f  t h e s e  r e a c t i o n s  and th e  r e l a t i v e  

i n s e n s i t i v i t y  o f  t h e i r  r a t e s  to  te m p e ra tu re  m eant t h a t  o n ly  v e ry
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ap p ro x im ate  s e c o n d -o rd e r  r a t e  c o n s ta n ts  were o b ta in e d  by m o n ito r­

ing  th e  e . s . r .  d ecay . The r e s u l t s  a re  g iv e n  in  TABLE 1 ( F ig 's  

1 , 8 , 9 , 10 show e x p e r im e n ta l ,  and s im u la te d  s p e c t r a ,  p lo t s  o f  C 

v s .  t im e  and  1/C  v s .  t im e  r e s p e c t i v e l y  f o r  N -benzoy i b e n z y j 3 

n i t r o x i d e ;  a  r e p r e s e n ta t i v e  exam ple o f  th e  N -(p rim ary ) a lk y l  

n i t r o x id e  r a d i c a l s  s tu d i e d ) .  The decay  o f  (49a) proved to  be to o  

r a p i d  t o  m e a su re  a  r a t e  c o n s t a n t  by s t a t i c  m e th o d s . The 

r e a c t i v i t y  o f  (49b) i s  n o t a s  p r e d ic te d ,  be in g  v e ry  much l e s s  

th a n  f o r  (4 9 a ) , s u g g e s t in g  t h a t  c o n fo rm a tio n a l o r  o th e r  f a c t o r s  

m ust be im p o rta n t in  d e te rm in in g  th e s e  r e a c t io n  r a t e s .

A f u l l  d i s c u s s io n  o f  hydrogen a b s t r a c t io n  r e q u i r e s  knowledge 

o f  c o n f ig u r a t io n  o f  b o th  X*, R*, bond s t r e n g th s ,  s t e r i c j e f f e c t s  

and p o l a r i t y . A  l i n e a r  r e l a t i o n s h i p  (Eq. 6) e x i s t s  betw een Ea

and th e  s t r e n g th  o f  C-H bond b e ing  broken  in  hydrogen a b s t r a c t io n
86

r e a c t io n s  by m eth y l r a d i c a l s .

Ea = a  [D(R-H)] + B

Eo. 6

Time d id  n o t  p e r m i t  th e  i n v e s t i g a t i o n  o f  th e  d e u te r iu m  

is o to p e  e f f e c t s  in  th e  s e r i e s  o f  compounds. The in v e s t ig a t io n  o f  

s e c o n d -o rd e r  r a t e  c o n s ta n ts  by e . s . r .  i s  d i f f i c u l t ,  m ain ly  due to  

p rob lem s a s s o c ia te d  w ith  th e  m easurem ent o f  th e  a b s o lu te  i n i t i a l  

r a d i c a l  c o n c e n t r a t io n .  The. s o lu t io n  r e q u i r e s  th e  i n d i r e c t  

m easurem ent o f  r a d i c a l  c o n c e n t ra t io n  by th e  use  o f  an i n t e r n a l  o r  

e x te r n a l  s ta n d a rd  r a d i c a l  (see  C h ap te r 7 ) .

D e sp ite  th e  d i f f i c u l t i e s  m en tioned , th e  te c h n iq u e  used  h e re  

f o r  m o n ito rin g  th e  r a t e s  o f  r e a c t io n  i s  an in v a lu a b le  one because
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of: th e  h igh  s e n s i t i v i t y  o f  th e  e le c t r o n  sp in  resonance

s p e c tro m e te r .

RADICAL " n RATE CONST.

(M -ls - l)

APPROX.

B.D.E (kca 1/m ole)

49a 7 .58 5 .75 4 82
49b 7 .83 5.75 3 X KL 82
53 7 .50 5 .75 9 X 10 100
54 7.58 5 .00 0 .14  X 104 85

(SEE TEXT. )

TABLE 1

(b) E le c tro n  s p in  re so n a n c e  s p e c tro sc o p y  ( e . s . r .  )

The method was dev e lo p ed  in  1945 and r a p id ly  developed  in to

a p o w erfu l te c h n iq u e  in  p h y s ic s ,  c h e m is try , and b io lo g y . The

th e o ry , in s tru m e n ta t io n  and a p p l i c a t io n  o f  e . s . r .  has re c e iv e d

87 88e x te n s iv e  co v erag e  in  a number o f  books and rev iew s and w i l l

n o t be d is c u s s e d  in  d e t a i l  h e re .  E . s . r .  i s  b a s ic a l l y  a m agnetic

reso n a n c e  tec h n iq u e  s im i l a r  to  n u c le a r  m agnetic  resonance

( n .m . r . ) ,  e x c e p t t h a t  re so n an ce  o c c u rs  o n ly  when m o lecu les

c o n ta in  one o r  more u n p a ire d  e le c t r o n s  and r e l i e s  upon e le c t r o n  

s p in  r a t h e r  th an  n u c le a r .  The sp e c tro m e te r  m o n ito rs  th e  energy  

r e q u ire d  to  cau se  a t r a n s i t i o n  betw een th e  en erg y  s t a t e s  o f  an 

u n p a ire d  e le c t r o n  (a s p in  1 /2  p a r t i c l e ) ,  when th e  degeneracy  o f  

th e s e  s t a t e s  i s  removed by th e  p re se n c e  o f  a m agnetic  f i e l d .  As

Diagram 1
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su g g e s te d  in  d iagram  1 above, any s p in  1 /2  f r e e  r a d ic a l  ( i . e .  

w ith  one u n p a ire d  e le c t r o n )  shou ld  e x h ib i t  a s in g le  l in e  e . s . r .  

s ig n a l  a t  a freq u en cy  d e f in e d  by ggH /h. However th e  e f f e c t  o f 

th e  p re se n c e  o f  m ag n e tic  n u c le i  (^H, ^^N) in  a  r a d ic a l  can

m o d ify  t h e  f i e l d  e x p e r ie n c e d  by t h e  e l e c t r o n ,  s o  t h a t  th e  

sp e c tru m  may be s p l i t  i n to  more th a n  one l i n e ,  th e  m agnitude o f  

th e  s p l i t t i n g  b e in g  c a l l e d  th e  e le c t r o n  n u c le a r  h y p e rf in e  

i n t e r a c t io n  c o n s ta n t. (^X).

The s o l u t i o n  e . s . r .  s p e c tru m  o f  a  t e r t i a r y  a l k y l  a c y l  

n i t r o x id e  e x h ib i t s  a  th r e e  l in e  spectrum  ( 1 : 1 : 1  t r i p l e t  o f  

e q u a l i n t e n s i t y )  a s  a r e s u l t  o f  th e  i n te r a c t io n  o f  th e  e le c tr o n  

s p in  w ith  m agnetic  n u c le i .

In  a  s e c o n d a r y  a l k y l  a c y l  n i t r o x i d e  e a c h  l i n e  o f  th e  

1 : 1 : 1  t r i p l e t  i s  s p l i t  i n to  d o u b le ts  by co u p lin g  from  th e  

s in g l e  g -hydrogen  to  g iv e  a t o t a l  o f  6 l i n e s .  In  a  p rim ary  a lk y l  

a c y l  n i t r o x id e  each  o f  th e  l i n e s  o f  th e  1 : 1 : 1  t r i p l e t  i s

s p l i t  i n to  a  t r i p l e t  by c o u p lin g  from  two e q u iv a le n t  hydrogens to

g iv e  a t o t a l  o f  9 l i n e s .

v a lu e s  w ere d e te rm in ed  from  a number o f  a c y l n i t r o x id e s  

a f t e r  g e n e ra t in g  th e  r a d i c a l s  in  d i l u t e  t-b u ty lb e n z e n e  by o x id iz ­

in g  th e  p re c u s o r  hydroxam ic a c id  by UV p h o to ly t ic  H* a b s t r a c t io n  

by d i - t - b u ty lp e r o x id e  i n i t i a t o r .  The v a lu e s  re p o r te d  f o r  a c y l 

n i t r o x id e s  a re  reduced  r e l a t i v e  to  d i - t - b u t y l  n i t r o x id e ,

i n d ic a t in g  reduced  u n p a ire d  s p in  d e n s i ty  a t  n i tro g e n  (see C hap ter

1 ).

(c )  S o l id - s t a t e  e . s . r .  f o r  t - b u t y l  4 - n i t ro b e n z o y l  n i t r o x id e

S p in  d e n s i ty  d i s t r i b u t i o n s  f o r  a c y l n i to x id e  r a d ic a l s  have
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been e s tim a te d  from i s o t r o p ic  s o lu t io n  s p e c t r a .  S t r i c t l y ,  t h i s

87o n ly  g iv e s  in fo rm a tio n  ab o u t a tom ic  s - o r b i t a l  c o n tr ib u t io n ;  in  

th e  c a se  o f  (30c) th e  2s o r b i t a l  on N has o n ly  1.4% o f t o t a l  s p in

N o , - f y L ^ ° ;
\ = /  \ bu

(30c)

d e n s i ty .  A f u l l e r  p i c t u r e  o f  a tom ic  s p in  d e n s i ty  can o n ly  be

d e r iv e d  from  a n is o t r o p ic  s o l i d  s t a t e  e . s . r .  from which p - o r b i t a l

s p in  d e n s i ty  can be c a lc u la te d .

The p ro ce d u re  f o r  c a lc u la t io n  o f  p - s p in  d e n s i ty  r e q u i r e s  th e

s im u la t io n  o f  th e  s o l i d - s t a t e  e . s . r .  spectrum  e .g .  o f  (3 0 c ) . The

powder spectrum  f o r  th e  a c y l  n i t r o x id e  (30c) below (F ig . 11)

shows th r e e  p r in c i p a l  f e a tu r e s  w ith  f u r t h e r  s t r u c tu r e

superim posed  on e a c h , and c o n ta in s  in fo rm a tio n  abou t g ^ ,  g ^ ,

q , +^N, A^ +^N, A^ +^N; t h e s e  a r i s e  from  th e  t h r e e
^ z z '  XX '  yy  ' zz
p r in c i p a l  g -v a lu e s .  The g e n e ra l  th e o ry  in v o lv ed  in  s o l i d - s t a t e

e . s . r .  w i th  r e g a r d s  t o  p a r a m e te r s  ( g ^ . . . ,  A ^ . . . . )  h a s  b een

89rev iew ed  in  th e  l i t e r a t u r e .

The g e n e ra l  i s o t r o p i c  s o lu t io n  e . s . r .  o f  an a c y l n i t r o x id e  

(F ig . 12) c o n ta in s  ^N, (^H ), g .^ ^ .  The r e l a t i o n s h ip  betw een g .^ ^  

and ^  and t h e i r  s o l i d - s t a t e  e q u iv a le n ts  a re  seen  below ; 

r e l a t i o n s h ip  1, 2, 3. A. and g . a re  d i r e c t l y  o b ta in a b le  from
ISO ISO

R e l. 1 9 i s o  "  + Syy + 9zz '

R el- 2 = 1/3 [ + ^N) + (A^y" + ®N) +

R e l. 3 Axx + Ayy + A^^ = 0
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th e  i s o t r o p i c  s o l u t i o n  e . s . r .  s p e c tru m . The e x t r a c t i o n  o f  

a n is o t r o p ic  , gxx—  e tc .  from a powdered e . s . r .  spectrum

i s  n o t a s im p le  p ro c e d u re . 2 (A^^^+^N) i s  d i r e c t l y  m easured from 

th e  powder spectrum  and th e r e fo r e  A^^^ can be c a lc u la te d ,  

b e in g  o b ta in e d  from i s o t r o p ic  spectrum ; i s  e x tr a c te d  a s  th e  

c e n t r a l  p o in t  from th e  th re e  l in e  spectrum  (see  F ig . 11) p o s i t io n  

c a l i b r a t e d  by re f e re n c e  to  th e  a c c u r a te ly  known g -v a lu e s  o f  s o l id  

d ip h e n y lp ic ry lh y d ra z y l  (DPPH, g = 2.00358) ( r e l a t io n s h ip  4 ) .

( I t
r e l .  4

The p re l im in a ry  v a lu e s  o f  g and A can be found by
yy , zz y y , zz

com paring th e  spectrum  o f  (30c) (F ig . 11) w ith  g e n e ra l  n i t r o x id e

s p e c t r a  and th e  s o l i d - s t a t e  spectrum  o f  (30a) in  A.H.Sharma Phd 

64t h e s i s .  The re f in e m e n t o f  th e s e  e x p e rim e n ta l v a lu e s  was done
o /O'   o /O

f NOt / O V - ^ ' " N ,

by Dr K, P re s to n  and Dr L .H .S u tc l i f f e  (N.R.C.C Ottaw a and 

R.H.B.N.C U n iv e rs i ty  o f  London r e s p e c t iv e ly )  u s in g  s o l i d - s t a t e  

e . s . r .  s im u la t io n  program  u n t i l  th e  s im u la te d  spectrum  (F ig . 11b) 

approx im ated  th e  e x p e r im e n ta l  spectrum  o f (3 0 c ) . The r e s u l t s  a re  

shown in  T ab le  (2 ) .
X X

Diaqram 2
 O' -------   z z

yy
f o o tn o te  A.H.Sharma Phd t h e s i s  1985 o f (30a) used d i f f e r e n t  
c h o ic e s  o f  p r in c ip a l  a x e s ; xx, y y ,  zz axes have been a l t e r e d  to  
s ta n d a r d  ax es  used  in  e . s . r .  nom enclatu re  nowadays, xx z z , 
yy f  yy , zz f  xx (Diagram  2 ).
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(30c) a t  120K (30a) a t  77K '

g 2.00168 2.002
^xx

g 2.0065 2.006
yy

g 2.01171 2.012
zz

g . 2.0061 2.0061
i s o

A 14.4 20.7
XX

A 6.2 1.6
yy

A 6.21 0.00
zz

N 7.53 7 .4
a

T a b le  2

s p in  d e n s i ty  s  = ^ i s o  100

= 7 .5 3  100
555.1

= 1.4% in  2s o r b i t a l

NB. A° = v a lu e s  i f  100% s p in  d e n s i ty  a t  N-atom 

N 100

= 14.4  100
33.24 

= 43%

F ig . 13

In  c a lc u la t in g  th e  s  and p o r b i t a l  s p in  d e n s i t i e s  (see  F ig .

1 3 ) , th e  r e s u l t s  in d ic a te  t h a t  43% o f  th e  t o t a l  s p in  d e n s i ty  i s
13 17

l o c a t e d  a t  th e  n i t r o x i d e  n i t r o g e n  p - o r b i t a l . .  C and O 

i s o t o p i c a l ly  e n r ic h e d  a c y l n i t r o x id e s  would be re q u ire d  to
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com ple te  a s tu d y  o f p - o r b i t a l  s p in  d e n s i ty  in  th e s e  n i t r o x id e s .  

The c a lc u la t io n  o f  s - o r b i t a l  s p in  d e n s i ty  a t  n i tro g e n  shows t h i s  

t o  be o n ly  1.4% o f th e  t o t a l  s p in  d e n s i ty ,  t h i s  in d ic a te s  th a t  

th e  r e p r e s e n ta t io n  o f  th e  d i s t r i b u t i o n  o f  s p in  d e n s i ty  a t  oxygen 

and n i tro g e n  in  a c y l n i t r o x id e  u s in g  i s o t r o p ic  e . s . r .  was 

p ro b a b ly /  th e  d i s t r i b u t i o n  o f  no more th an  10% o f  th e  t o t a l  s p in  

d e n s i t i e s ,  and th e r e f o r e  an in ad e q u a te  r e p r e s e n ta t io n  o f  th e  s p in  

d i s t r i b u t i o n .

In tr a m o le c u la r  hydrogen a b s t r a c t io n  and r a d i c a l - a d d i t io n  r e a c t io n

The in c re a s e d  r e a c t i v i t y  a s s o c ia te d  w ith  a c y l n i t r o x id e s  

compared w ith  a lk y l  n i t r o x id e s  has a llow ed  th e  in v e s t ig a t io n  o f  

th e  enhanced r e a c t i v i t y  o f  in tr a m o le c u la r  r a d i c a l  r e a c t io n s  o v e r  

in te r m o le c u la r  r e a c t io n s .  U n ti l  now t h i s  has o n ly  been 

in v e s t ig a te d  f o r  hydrogen a b s t r a c t io n  r e a c t io n s .

S e v e ra l d i f f e r e n t  m ethods o f  m easu ring  th e  in tr a m o le c u la r

k i n e t i c s  r e a c t i v i t y  o f  i o n i c  and  r a d i c a l  s p e c i e s  h av e  b een

p ro p o se d , many o f  such  m ethods o n ly  a llo w  com parison betw een

s p e c ie s  which undergo  r e a c t io n s  v ia  s im i la r  m echanism s. For

exam ple, th e  m easurem ent o f  th e  " e f f e c t iv e  m o la r i t ie s "  (EM's) f o r

in t r a m o le c u la r  r e a c t io n s  a llo w  us to  compare th e  e f f i c i e n c i e s  o f

d i f f e r e n t  c la s s e s  o f  in tr a m o le c u la r  r e a c t io n s .  T h is  to p ic  has

90 91been rev iew ed e x te n s iv e ly  by Page and Jen ck s  and K irby in  

w hich th e  term s " lo o se "  and " t ig h t"  t r a n s i t i o n  s t a t e s  a r e  

in tro d u c e d . T h is  r e v e a ls  th e  d i f f e r e n c e s  betw een in tra m o le c u la r  

n u c le o p h i l ic  c a t a l y s i s  and th e  mechanism in v o lv in g  in tra m o le c u la r  

a c id /b a s e  c a t a l y s i s ,  EM v a lu e s  f o r  a c id /b a s e  c a t a ly s i s  which
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in v o lv e d  p r o to n  t r a n s f e r  g e n e r a l l y  h av e  EM < 10  M t h i s  b e in g

a s s o c ia te d  w ith  lo o se  t r a n s i t i o n  s t a t e s ,  w hereas enormous EM

^ 10^ M f o r  in tr a m o le c u la r  n u c le o p h i l ic  r e a c t io n s  a re  a s s o c ia te d

w ith  t i g h t  t r a n s i t i o n  s t a t e s .  I t  i s  found t h a t  th e  d eg ree  o f

bond fo rm at io n /de form at ion  in  th e  t r a n s i t i o n  s t a t e s  (T .S .)  i s  a

m ajo r c o n t r ib u to r  to  a h igh  EM v a lu e  and th e  d e g re e  o f  f l e x i b i l -

90i t y  o f  T .S .  -  w h e th e r  T .S . i s  t i g h t  o r  l o o s e .  H ydrogen  

a b s t r a c t io n  r e a c t io n s  in  a s e r i e s  o f  w -p h e n y l-a lk a n o y l- t-b u ty l

PhC H ^ n -  EMPhCH N— c(Me) 0 0 .4 5

( k ) .  )  1 1 .3
^ C H j  2 1.2

(95) ^  0-03

n i t r o x id e s  (95) n = 0 -3  have been re p o r te d  by P e rk in s  e t  a l .^^

T.hese in t r a m o le c u la r  hydrogen t r a n s f e r s  to  oxygen from th e  benzy- 

l i c  p o s i t i o n  o c c u r m ost r e a d i ly  when n = 1 o r  2 ; in  th e s e  c a se s  

1 ,6  and 1 ,7  hydrogen s h i f t s  r e s p e c t iv e ly  -  th e s e  r e a c t io n s  a re  

f i r s t - o r d e r  in  n itro x id e . Vten  r a te  constan ts viere ocnpared w ith

, /O -

(96)

in te r m o le c u la r  hydrogen a b s t r a c t io n  from e th y lb e n ze n e  by (96) th e  

r e a c t i v i t i e s  can be expressed - a s  EM v a lu e s  and range betw een 

0 .4 5 -1 .3  M. An i n te r e s t i n g  r e s u l t  was t h a t  th e  r e a c t io n  v ia  an 

8-membered T .S . r in g  i s  favoured  o v e r  th e  more fa m ila r  6-membered 

r in g .  T h is  was e x p la in e d  by th e  most fa v o u ra b le  d e l iv e ry  o f
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b e n z y lic  hydrogen on to  a p - o r b i t a l  lobe  a t  n i t r o x id e  oxygen when

n = 2 in  a s t r u c tu r e  r e t a in in g  an e s s e n t i a l l y  p la n a r  carbony l

n i t r o x id e  u n i t .  In  such  system s g r e a t e r  r a t e  enhancem ent i s  
th e

found when .b e n z y lic  system  was c o n s tra in e d  in  c lo s e r  p ro x im ity
A o

I—Bu

(95b)

w i th  th e  n i t r o x i d e .  P e r k in s  e t  a l ha ve  shown in c r e a s e d  

r e a c t i v i t y ,  an EM v a lu e  o f  496 M f o r  (9 7 ). I t  i s  e v id e n t  t h a t  in  

such  a c a se  th e  r a t e  enhancem ent i s  due to  t i g h t e r  T .S . in  (97) 

th a n  in  (9 5 ) , m ain ly  due to  a more fa v o u ra b ly  p laced  n i t r o x id e  

r a d i c a l ,  w h ere  an  8-m em bered T .S . i s  a g a in  f a v o u r a b le .  The

sy stem  (97) shows th e  h ig h e s t  EM v a lu e  re p o r te d  f o r  hydrogen

62a b s t r a c t io n  r e a c t io n  in  n i t r o x id e  system  ( o th e r  exam ples have 

a l s o  been re p o r te d  by G rim es, f o r  exam ple (98) ) t h i s  may a l s o

L ^ C O N
(97) (98)

-B u ' -

in v o lv e  a t i g h t e r  T .S . th an  (9 5 ), b u t i t  i s  s t i l l  lo o se .

R ecent in v e s t ig a t io n s  have in d ic a te d  t h a t  g e n e ra l  a c id /b a s e  

c a t a l y s i s  in  enzym ic r e a c t io n s ' a re  v e ry  much more e f f i c i e n t  th an  

in  s im p le  in tr a m o le c u la r  sy s tem s. K irby and c o - w o r k e r s ^ ^ h a v e  

in d ic a te d  t h a t  such  la r g e  d i f f e r e n c e s  a re  n o t i n t r i n s i c  in  th e  

s im p le  system  b u t depend on th e  d eg ree  o f  bond fo rm atio n  d u r in g
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p ro to n  t r a n s f e r ,  i . e .  t ig h tn e s s  o f  th e  bonds in  th e  T .S . .  In  th e

c a s e  o f  s a l i c y l i c  a c id  d e r iv a t iv e s  (99) [where X = CHROR ,̂^"^
2 - 9 5 - 9 6  5

PO3 , SO3 , ] EM v a lu e s  up to  10 M have been a t t a in e d ;  such

v a lu e s ,  i t  i s  co n c lu d ed , a r e  dependen t on th e  s tro n g

in tr a m o le c u la r  hydrogen bond in  th e  p ro d u c t an io n  (101 ). K irby 
93

e t  a l  ex ten d ed  t h i s  i n v e s t ig a t io n  to  th e  h y d ro ly s is  o f  methoxy 

m eth y l a c e t a l  d e r iv e d  from  th e  am inonaphthol system  (100 ) in

MeO o  NiVlej

0 ^ "

(9 9 ) ( 1 00 )

w hich r e a c t io n  below pH 1 i s  1000 tim es  f a s t e r  th an  a t  pH 9 -10 ,

t h i s  b e in g  c o n s i s t e n t  w ith  c a t a ly s i s  o f  r e a c t io n  by Me^NH (102).

I t  i s  conc luded  t h a t  th e  therm odynam ic s t a b i l i z a t i o n  o f  le a v in g

g ro u p  d e r iv e d  from  s tro n g  in tra m o le c u la r  H-bonds o f  (101) and

(102) i s  r e f l e c t e d  in  th e  T .S . f o r  a c e t a l  c le a v a g e  -  six-m em bered

T . S . , and th e r e f o r e  r e f l e c t e d  in  k i n e t i c  p a ra m e te rs .

High EM v a lu e s  f o r  s a l i c y c l i c  a c id  d e r iv a t iv e s  (99) can be

e x p la in e d  by th e  assum ption  t h a t  in  norm al in tra m o le c u la r

hydrogen  a b s t r a c t io n  r e a c t io n s  th e  t r a n s i t i o n  s t a t e s  inv o lv ed  a re  

97l i n e a r ,  f o r  exam ple (1 0 3 ); t h i s  geom etry  can be a t t a in e d  o n ly  

in  l a r g e  c y c l i c  T .S . where fo rm a tio n  o f  r in g  o r  c y c l ic  T .S . p e r  

s e  a r e  e n th a lp ic a l ly  n e u t r a l  o r  d i f f u s io n - c o n t r o l l e d ,  and

HNMe,

(101) (102)
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X— z

(103)

th e r e f o r e  r e a c t io n s  a re  e n t r o p ic a l ly  d r iv e n . Whereas in  th e

fo rm a tio n  o f  sm a ll o r  medium s iz e  r in g s  o r  c y c l ic  T .S . 's  th e  EM's

a r e  above th e  norm (as  seen  in  th e  c a se  o f  (99) ) and may indeed

be dom inated  by e n th a lp y  o f  fo rm atio n  o f  th e  c y c l i c  r in g .^ ^

I t  can  be p ro p o s e d  t h a t  th e  i n v e s t i g a t i o n  o f  m ore

c o n s tr a in e d  s t r u c tu r e s  may be p o s s ib le  in  in tra m o le c u la r

r a d ic a l - a lk e n e  a d d i t io n  r e a c t io n ,  which shou ld  have v a lu e s

8 13ap p ro a c h in g  c a lc u la te d  maximum EM v a lu e  10 M (10 M in  s t r a in e d

90sy stem s [Page and Jen ck s] ) due t o  t i g h t e r  T .S . than  hydrogen 

a b s t r a c t io n  r e a c t io n s .  The exam ples o f  m easured EM v a lu e s  f o r  

in t r a m o le c u la r  r a d ic a l - a lk e n e  r e a c t io n  in  th e  l i t e r a t u r e  a r e  

l im i te d .  To in v e s t ig a te  t h i s ,  o x id a t io n  o f  th e  t r a n s - s t i l b e n e  

hydroxam ic a c id  (55) was s tu d ie d .  The in te rm o le c u la r  r e a c t io n  o f  

(30a) w ith  a  doub le  bond (104) has been p re v io u s ly  in v e s t ig a te d  

by N .P .Y . Siew^^ and o th e r  w o r k e r s , w h e r e  r a t e s  were v e ry  

s lo w , t h i s  b e ing  a s s o c ia te d  w ith  s t e r i c  h ind rance  o f  bulky pheny l 

g ro u p s in  s t i l b e n e .

^  V
O ,0 - '---- " >— ( ^  ^

I

(30a) (104)

I n i t i a l  in v e s t ig a t io n s  o f  th e  o n e -e le c tro n  o x id a tio n  o f th e
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" s t i lb e n e  hydroxam ic a c id "  (55) showed no ev id en ce  o f n i t r o x id e

fo rm a tio n . However, a r e a c t io n  d id  tak e  p la c e  and a c o lo u r le s s

c r y s t a l l i n e  p ro d u c t was o b ta in e d  in  low y i e l d .  FXirther s tu d y

showed t h a t  (5 5 ), d is s o lv e d  in  CDCl^, when l e f t  to  s ta n d  in  th e

p re s e n c e  o f  a i r ,  i s  s lo w ly  and q u a n t i t a t iv e ly  tran sfo rm ed  in to

two new p ro d u c ts ,  one o f  w hich had a n .m .r .  spectrum  i d e n t i c a l

w ith  t h a t  o f  th e  c o lo u r le s s  p ro d u c t re p o r te d  above. Ih e  two

p ro d u c ts  were c h ro m q to g ra p h ic a lly  in d is t in g u is h a b le  ( t . l . c . )  and

c o - c r y s t a l l i z e d .  Only on re p e a te d  c r y s t a l l i z a t i o n  was a pu re

compound (98% a s  judge by t - b u t y l  reso n an ce ) i s o l a te d ,  a g a in  in

p o o r y i e l d .  However, b o th  th e  p u r i f ie d  m a te r i a l ,  and a s o l id

f r a c t i o n  c o n ta in in g  c a . 30% o f  th e  second compound gave

m ic r o a n a ly t ic a l  f ig u r e s  c o n s is t e n t  w ith  th e  fo rm a tio n  o f  a 

(hydroperoxide (105) or (1 0 6 ) .  These s t r u c t u r e s  were supported  by mass

HOO

t (105)
Bu

HOO

(106)

Bu
s p e c tro s c o p y , b u t no s im p le  s p e c tro s c o p ic  tech n iq u e  allow ed  a 

d i s t i n c t i o n  to  be made betw een th e  two p o s s i b l i t i e s .  I t  i s ,  

how ever, t e n t a t i v e ly  su g g e s te d  t h a t  th e  two p ro d u c ts  a re  

s te r e o is o m e rs  o f  one o n ly  o f  th e s e  s t r u c tu r e s .  Exam ination o f  

M odels s u g g e s ts  t h a t  e i t h e r  p o s i t io n a l  isom er cou ld  be favou red  

in  t h e  c y c l i z a t i o n  s t e p .  The e x tr e m e ly  f a c i l e  f o rm a t io n  o f  

h y d ro p e ro x id e , coup led  w ith  f a i l u r e  to  d e te c t  n i t r o x id e  in te rm ed ­

i a t e s  by e . s . r .  s u g g e s ts  t h a t  c y c l i z a t io n  o f  th e  n i t r o x id e  on th e  

s t i l b e n e  double  bond i s  indeed  ex trem ely  r a p id .  The proposed
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r o u te  „ to  h yd roperox ide  fo rm atio n  i s  s h w n  in  (scheme 10 ). 

A ttem p ts  w ere made to  o b ta in  a sam ple o f  th e  p u re  hyd roperox ide  

s u i t a b l e  f o r  X -ray c ry s ta l lo g ra p h y , b u t th e s e  were u n s u c c e s s fu l .  

D e g rad a tio n  s tu d ie s  have n o t y e t  been c a r r ie d  o u t .

The fo rm a tio n  and decay  o f  th e  proposed  n i t r o x id e  in te rm e d -

HOO

(105)

/ / BuBu

h o dON

Ph
(107)

(106)
Bu Bu

Scheme 10

i a t e  in  th e  absence  o f  was in v e s t ig a te d  by M .J. P e rk in s  d u r in g

a v i s i t  t o  N.R.C.C. in  O ttaw a in  1987. I t  was found t h a t  h ig h

c o n c e n t r a t i o n s  o f  a r a d i c a l ,  assum ed  t o  be (1 0 7 ) c o u ld  be

o b ta in e d  by UV p h o to ly s is  o f  a s o lu t io n  o f  d i - t - b u t y l  p e ro x id e  in

t -b u ty lb e n z e n e  c o n ta in in g  (55) a t  te m p e ra tu re s  below c a . -1 0 ° c ,

b u t t h a t  when th e  UV so u rc e  was s h u tte re d  th e  r a d ic a l  decayed

r a p id ly  w ith  f i r s t - o r d e r  k in e t ic s  w ith  A rrh en iu s  p a ra m e te rs

9 -1Ea = 1 2 .8  k c a l/m o le  and A = 6 x 10 s  . The model r e a c t io n  o f  

PhCGN(Bu^)Q* and t r a n s - s t i l b e n e  was s tu d ie d  a t  +120°C, and 

e x t r a p o l a t i o n  o f  r a t e  d a t a  f o r  (107 ) g a v e  EM = 5 x 10 M. 

A lthough  in tra m o le c u la r  r a d ic a l  a d d it io n s  a re  g e n e ra l ly  b e lie v e d  

t o  be r a p i d ,  t h i s  i s  one  o f  th e  f i r s t  in  w h ich  d i r e c t  r a t e
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com parison  w ith  an in te rm o le c u la r  model has been made. I t  i s  

a l s o  u n u s u a l  in  t h a t  th e  r a p id  r e a c t i o n  l e a d s  t o  a s i x -  o r  

seven-m em bered r in g .  The on ly  example found in  th e  l i t e r a t u r e  

d e p e n d e d  on s e p a r a t e l y  p u b l i s h e d  d a ta  f o r  i n t r a -  and i n t e r ­

m o le c u la r  r e a c t io n s  (scheme 1 1 ), th e  c a lc u la te d  EM 1 .3  x 10^ M 

depended on a d ju s t in g  l i t e r a t u r e  r a t e  c o n s ta n t  to  ta k e  acco u n t

k' == 2 .6  X 10^ sec  ^

+ Et

k -  2 M -lsec -1

EM = 1 .3  X 10^ M

Scheme 11
98o f  more r e c e n t  r e f e re n c e  v a lu e s . The p ro d u c ts  o f  th e  i n t r a ­

m o le c u la r  r a d i c a l  a d d i t i o n  o f  (107 ) in  th e  a b s e n c e  o f  i s  

e x p e c te d  to  be s im i la r  to  th e  1 : 2 adduct proposed  by

N .P.Y . Siew^^ f o r  in te rm o le c u la r  system  (scheme 12).

CON

(107)
(107)

Scheme 12
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C h a p te r  4

C y c lo a d d itio n  and r e t r o c y c lo a d d i t io n  o f  a c y l n i t r o n e s .

(A) In tro d u c tio n  D ie ls -A ld e r  r e a c t io n s

R e a c t io n  b e tw e en  a c o n ju g a te d  d ie n e  and  an  a lk e n e  ( th e

d ie n o p h i le ,  w hich i s  a ls o  u s u a l ly  c o n ju g a te d )  t o  form  a
i 99
s u b s t i t u t e d  cy c lo h ex e n e  was form u la ted  by D i e l s  and A ld er .  The

w id esp read  u t i l i t y  o f  [4 + 2]tt D ie ls -A ld e r  r e a c t io n s  i s  n o t o n ly

found in  t h e i r  a b i l i t y  t o  form 6-membered c a rb o c y c lic  o r

h e te r o c y c l ic  r in g  compounds b u t in  t h e i r  rem arkab le

s t e r e o s p e c i f i c i t y .  The m echan ism  o f  D-A r e a c t i o n s  h a s  b een

co v ered  in  c o n tro v e rs y .  C l a s s i c a l l y ,  th e  c y c lo a d d it io n

r e a c t io n s  have been grouped in to  th r e e  c a te g o r ie s ;  1 . c o n c e r te d

r e a c t i o n s , 2.  s te p w ise  d i r a d i c a l , a n d  3. s te p w ise

_  ^ . 101,102 z w i t t e r io n .

T h e re  i s  c o n s i d e r a b l e  v a r i a t i o n  in  t h e  e a s e  w i th  w h ich

a llo w ed  D-A r e a c t io n s  can  ta k e  p la c e .  The p ro to ty p e  r e a c t io n  o f

s - c i s  b u tad ie n e  w ith  e th e n e  (F ig . 14) i s  v e ry  slow  and r e g u i r e s

99
f o rc in g  c o n d it io n s .  However, D ie ls -A ld e r  r e a c t io n s  in  w hich

F ia .  14

'y'
+

th e  d ie n e  c o n ta in s  an e le c tro n -d o n a t in g  s u b t i t u e n t  and th e  

d ie n o p h i le  c o n ta in s  an e le c tro n -w ith d ra w in g  s u b t i tu e n t  o r  

v ic e - v e r s a  (F ig , 15) a c c e le r a te s  th e  r a t e  o f  r e a c t io n .  Sustmann 

e t  a l^ ^ ^  h av e  n o te d  a c o r r e l a t i o n  b e tw e en  [ I .P  ( d ie n e )  -  E.A 

(d ie n o p h ile )]  and th e  r a t e  o f  r e a c t io n  in  a s e r i e s  in c lu d in g  two 

d ie n o p h i le s  and an e x te n s iv e  s e r i e s  o f  d ie n e s .  In  th e

*

I . P .  = i o n i z a t i o n  p o t e n t i a l ,  E.A.  = e l e c t r o n  a f f i n i t y
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D ie ls jA id e r  r e a c t io n  o f u n sy m m etrica lly  s u b s t i tu t e d  d ien e  (108) 

and d ie n o p h i le  (109) i t  i s  found th a t  one isom er i s  fav o u red , th e  

e x p la n a t io n  l i e s  w ith in  F.M.O. ( f r o n t i e r  m o lecu la r o r b i t a l )  

th e o ry .

R R

I I  —  I I  I +  I I  I
X

(108) (109) MAJOR MINOR

Normal D ie ls -A ld e r  r e a c t io n  t r a n s i t i o n  s t a t e s  have h ig h ly

s t a b i l i z e d  d ie n e  HOMO -  d ie n o p h ile  LUMO in te r a c t io n s ;  e le c t r o n

r i c h  a lk e n e s  a r e  u n re a c t iv e  w ith  s im p le  d ie n e s  due to  th e  absence

o f  a s tro n g  s t a b i l i z i n g  i n te r a c t io n .  D ie ls -A ld e r  r e a c t io n s  w ith

in v e r s e  e le c t r o n  demand a r i s e  when th e  d ie n e  LUMO -  d ie n o p h ile

HOMO i n te r a c t io n  i s  g r e a t e s t ,  so  e le c t r o n  d o n a tio n  on th e

d ie n o p h i le  a c c e le r a te s  th e  r e a c t io n  r a t e .

The e x p la n a tio n  o f  th e  r e g i o s e l e c t i v i t y  can be in te r p r e te d

by th e  a p p l i c a t io n  o f  F.M.O. c o n c ep ts  in  which th e  c o n t r o l l in g

f a c t o r  i s  found in  th e  f r o n t i e r  o r b i t a l  c o - e f f i c i e n t s  in  th e  HOMO

and LUMO o f  th e  d ie n e  and d ie n o p h i le .  The favou red  c y c lo a d d u c t

w i l l  be t h a t  fo rm ed  by th e  u n io n  o f  th e  a tom s w i th  l a r g e s t

c o - e f f i c i e n t s .  The f a c t o r s  t h a t  c o n tr o l  th e  r e g io -  and

s te r e o c h e m is try  o f  D ie ls -A ld e r  r e a c t io n s  have been e x te n s iv e ly

r e v i e w e d . I n  th e  c y c lo a d d it io n  o f  d ie n e s  and d ie n o p h i le s

w here b rid g e d  compounds r e s u l t  e .g .  ( 110 ) , two g e o m e tric a l

isom ers  endo and exo r e s u l t .  In  many exam ples i t  i s  known t h a t

en d o  a d d u c ts  a r e  fo rm ed  p r e f e r e n t i a l l y  when c o n d u c te d  u n d e r

k i n e t i c  c o n t r o l .  T h is  i s  th e  A lder "endo" R ule . Woodward and

Hoffmann^^^ proposed  t h a t  secondary  o r b i t a l  o v e r la p  p ro v id ed  a
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( 110a)

H O

(110b)

m o le c u la r  o r b i t a l  based e x p la n a tio n  o f th e  observed  endo s t e r e o -

p r e f e r e n c e .  Secondary o r b i t a l  o v e r la p  ( s . o . o . ) i s  d e fin e d  a s  th e

p o s i t i v e  o v e r la p  o f  a n o n -a c t iv e  fram e in  th e  F.M.O. o f  a p e r i -

c y c l i c  r e a c t io n .  A lthough th e  observed  p re fe re n c e  under k in e t i c

c o n t r o l  f o r  endo a d d u c ts  can be e x p la in e d  by s . o . o . i n

many r e a c t i o n s  s t e r i c  i n t e r a c t i o n s  a r e  s a i d  t o  be o f  e q u a l

i m p o r t a n c e , b o t h  f a c t o r s  can a c t  a t  th e  same tim e . Houk 
108e t  a l  has d i f f e r e n t i a t e d  between th e s e  f a c to r s  e x p e r im e n ta lly  

by t h e  r e a c t i o n  o f  a s u b t i t u t e d  c y c lo p e n ta d ie n o n e  ( 1 1 1 ) and 

c y c lo p e n ta d ie n e  (112b') o r  c y c lo p e n te n e  (1 1 2 a). The p re se n c e  o f  an 

e x t r a  doub le  bond a llo w in g  f o r  s .o .o .  was found to  tra n s fo rm  a 

n o n - s e le c t iv e  p ro c e s s  i n to  a  s e le c t i v e  one. The energy  d i f f e r ­

ence  betw een th e  two T .S 's ,  a m easure o f  th e  im portance o f  s . o . o .  

w as 2 . 5 - 5 .0  k c a l /m o le .  The im p o r ta n c e  o f  s . o . o .  and s t e r i c  

i n t e r a c t i o n  in  th e  r e a c t i o n  o f  f u lv e n e  w i th  c y c lo p e n te n e  o r

m a le ic  an h y d rid e  u s in g  MNDO and AMI SCF se m i-e m p ir ic a l

109
c a l c u l a t i o n s  have been re p o r te d  by Fox e t  a l .

O
Me

W
Me (112a)

Me
O A4 • 56 [endo : exo)

endo 97 %
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In  a re v ie w  by A l d e r , t h e  u se  o f  im in e  (1 1 3 ) a s

d ie n o p h i le  in  [4+2] tt c y c lo a d d it io n s  has been re p o r te d . K resze

and co -w o rk ers  have ex tended  t h i s  work in  th e  use  o f  N -acyl

im in e  (1 1 4 ) and im in ium  s a l t s ,  d e m o n s t r a t in g  th e  g e n e r a l i t y

O
R—N=CHj R c—N=CHj

(113) (114)

o f  e le c t r o n  d e f i c i e n t  im ino - s p e c ie s  in  D ie ls -A ld e r  r e a c t io n s .

R ecen t advances have in c lu d e d  th e  c y c lo a d d it io n  r e a c t io n s  o f
112

1 , 3 -d ia z a b u ta d ie n e s  (115) w ith  d ip h e n y lk e te n e  (116 ).

R
Ar

O

R

(115)

C

Bu

(116)

The s c o p e  and m echan ism  o f  i n t r a m o l e c u l a r  D ie l s - A ld e r

r e a c t io n s  have been r e v i e w e d . [4+2] tt in tr a m o le c u la r

D i e l s - A l d e r  c y c l o a d d i t i o n  r e a c t i o n s  may v a ry  from  th e  u s u a l

in te rm o le c u la r  p a t t e r n s ,  f o r  exam ple, even th o se  in v o lv in g

u n a c t iv a te d  d ie n o p h i le s  such  a s  u n a c tiv a te d  ca rb o n -ca rb o n

m u l t i p l e  bo n d s c a n  o c c u r  s m o o th ly . T h is  r e s u l t s  from  th e

in f lu e n c e  o f  th e  e n tr o p ie  f a c to r s  (A S^) f o r  in tr a m o le c u la r

r e a c t io n s  which i s  u s u a l ly  much l e s s  n e g a tiv e  th an  f o r
114

in te r m o le c u la r  a n a lo g u e s . R ecen tly  Shea e t  a l  have re p o r te d  a 

s y s te m a t ic  k i n e t i c  s tu d y  o f  in tr a m o le c u la r  D ie ls -A ld e r  r e a c t io n s  

o f  a s e r i e s  o f  d ienyne  e s t e r s  (117). The. p o s i t io n s  o f  

s u b s t i t u t i o n  o f  an oxygen in  th e  t e t h e r  betw een
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H w  p  b X = 0  X;=CH ;

=  \  . C X ,= C H ,,X ^ = 0

a X = X j= C H ,

MeOC
2

%2

(117)

d ie n e  and d ie n o p h i le  r e s u l t s  in  s u b s ta n t i a l  r a t e  d i f f e r e n c e s ,  

r e l a t i v e  r a t e s  a : b : c a r e  62 : 1 : 1. The v a r i a t i o n  o f  t e t h e r  

c h a in  le n g th  from  5 to  7 atoms a l s o  p roduces changes in  both  

e n th a lp h y  and e n t r o p ie s  o f  a c t i v a t i o n ,  f o r  example (118).

(118)

(B) I n t e r -  and in tr a m o le c u la r  1 ,3 - d ip o la r  c y c lo a d d it io n s

T here  e x i s t s  a la r g e  c la s s  o f  r e a c t io n s  known a s  1 ,3 - d ip o la r  

c y c lo a d d i t io n s  r e a c t io n s  ana logous to  th e  [4+2] tt D ie ls -A ld e r  

r e a c t i o n s .  V a r ia t io n  in  th e  s t r u c tu r e  in  bo th  th e  1 ,3 -d ip o le  and 

d ip o la r o p h i l e  makes t h i s  a v e ry  v e r s a t i l e  and u s e fu l  r e a c t io n  in  

th e  s y n th e s i s  o f  five-m em bered r in g  (F ig . 16) h e te ro c y c le s .  A

1 ,3 - d ip o le  i s  b a s ic a l l y  a system  o f  th re e  atom s o v e r which a re  

d i s t r i b u t e d  fo u r  t t - e l e c t r o n s  a s  in  th e  a l l y l  an io n  sy stem . The 

th r e e  atom s can  be a wide v a r i e ty  o f  com b ina tions o f  

C, O, and  N. Hu s ig e n  e t  a l  have  s t u d i e d  th e  m echan ism  o f

Fig.  16
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1 .3 - d ip o la r  c y c lo a d d it io n s  e x t e n s i v e l y . T h e  mechanism 

p ro p o sed  by Huisgen i s  t h a t  o f  a s in g l e - s t e p  fo u r  c e n tr e  

"no-m echanism " c y c lo a d d it io n  in  which th e  two new bonds a r e  b o th  

p a r t i a l l y  formed in  th e  T .S . ,  a lth o u g h  n o t n e c e s s a r i ly  to  th e  

sam e e x t e n t .  An a l t e r n a t i v e  m echan ism  h a s  b een  p ro p o s e d  by 

F i r e s to n e  e t  a l ^^^^ in  w hich b i r a d i c a l  o r  z w i t te r io n  

in te r m e d ia te s  e x i s t .  E vidence abou t s t r u c tu r e  o f  th e  t r a n s i t i o n  

s t a t e  o f  1 ,3 - d ip o la r  c y c lo a d d it io n  u s in g  Hammett exp erim en ts  has 

been  re p o r te d  by S t e p h e n s . T h e  r e g i o s e l e c t i v i t y  o f

1 .3 - d ip o la r  c y c lo a d d i t io n s ,  l ik e  t h a t  o f  ana logous D ie ls -A ld e r

r e a c t i o n s ,  can be r a t i o n a l i z e d  based  on th e  c o n c e r te d  T .S . model

in  w hich b o th  e l e c t r o n i c  and s t e r i c  e f f e c ts ^ ^ ^  a re  in v o lv e d . 

118Houk e t  a l  p roposed  an e x p la n a tio n  based  upon F.M.O. t h a t  in  

th e  g e n e ra l  c a se  th e  d ip o le  LUMO -  d ip o la r o p h i le  HCMO i s  th e  

p red o m in an t i n te r a c t io n .

N itro n e s  (119) a re  known to  r e a c t  a s  1 ,3 -d ip o le s  and undergo  

c y c lo a d d i t io n  w ith  a lk e n e s  to  produce i s o x a z o l id in e s .  When th e  

r e a c t io n  in v o lv e s  unsym m etrical a lk e n e s  o r  a lk y n e s , th e  u su a l 

r e s u l t  i s  a 5 - s u b s t i tu te d  ad d u c t in  which th e  n i t r o n e  oxygen 

te rm in u s  i s  l in k e d  to  th e  u n s u b s t i tu te d  a lk en e  c a rb o n . H uisgen 

found t h a t  an e x c e p tio n  to  t h i s  r u le  i s  th e  r e a c t io n  o f  n i t r o n e s

(119)

119w ith  e l e c t r o n - d e f i c i e n t  a c e ty le n e s ,  in  which c a se
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4 - s u b s t i t u t e d  i s o x a z o l id in e s  predom inate  ( i . e .  in  t h i s  ca se  

d ip o le  HOMO -  d ip o la r o p h i le  LUMO i s  th e  p redom inan t i n t e r a c t io n ) .  

A no ther way to  r e v e r s e  r e g i o s e l e c t i v i t y  o f  a d d i t io n  by d e c re a s in g  

n i t r o n e  HOMO -  d ip o la r o p h i le  LUMO in te r a c t io n  i s  by making th e  

n i t r o n e  e le c t r o n  r i c h .  For exam ple, 1 ,3 - d ip o la r  c y c lo a d d it io n  o f  

th e  1 , 4 -b e n z o d ia z e p in ic  n i t r o n e  ( 120) w ith  e th y l  p r o p io la te  led  

e x c lu s iv e ly  to  4 - i s o m e r . T h e  e le c tro n -d o n a t in g  e f f e c t  i s  due 

t o  th e  d i s u b s t i t u t i o n  on th e  C -term inus and a ls o  to  th e  am id ine 

f u n c t io n a l  g roup .

CO^Et

IHMe

Ph

CO,Et( 1 2 0 )

A h e t e r o - D i e l s - A l d e r  r e a c t i o n  a c h ie v e d  by K irb y  and 

121Sweeny in v o lv ed  th e  c y c lo a d d it io n  o f  t r a n s i e n t  a c y l n i t r o s o  

compounds to  d ie n e s ,  e .g .  th e  n i troso-com pound (121 ) formed by

O
R C -N = 0

( 1 2 1 )

o x id a t io n  o f  benzohydroxam ic a c id .  N -A lkylhydroxam ic a c id s  may 

be o x id iz e d  v ia  n i t r o x id e s  to  N -acyl n i t r o n e s ,  b u t th e  

i n te r c e p t io n  o f  th e s e  1 ,3 -d ip o le s  in  c y c lo a d d it io n  r e a c t io n s  has 

p roved  u n s u c c e s s fu l  in  th e  m a jo r ity  o f  c a se s  (scheme 13). The 

d i f f i c u l t y  seemed to  be a s s o c ia te d  w ith  th e  h igh  s u s c e p t i b i l i t y  

o f  th e  c a r b o n y l  g ro u p  to  n u c l e o p h i l i c  a t t a c k .  Thus (1 2 2 )
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a c y l a t e s  p ro c u p o r  h y d ro x am ic  a c id  to  g iv e  (1 2 3 ) and a c e to n e
. ^'65ox ime.

At l e a s t  two p o s s ib le  approaches may in c re a s e  th e  l ik e l ih o o d  

o f  c y c lo a d d i t io n .  F i r s t l y ,  s t e r i c  hindraACA a t  th e  c a rb o n y l

/O '

COPh

( 1 2 2 )

/O C O P h  
MGjCH—N +

O O Ph

(123)

CO,M e

CO,Me

M e O j C . '^ M e

lA e O f

jlJ< -C O P h

(VleÔ Ĉ  Me Me

COPh

Scheme 13

g ro u p  (see  C hap ter 1) and seco n d ly  in tr a m o le c u la r  i n te r c e p t io n .  

As se en  in  th e  c y c lo a d d it io n  o f  N -acy l im in es , la c k  o f  i n t e r e s t  

in  a c y l  n i t r o n e s  by th e  s y n t h e t i c  com m unity  i s  due t o  t h e i r  

r e a c t i v e  n a tu r e .  A l l  ty p e s  o f  im ines a re  r a p id ly  h yd ro ly sed  in
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th e  p re se n c e  o f t r a c e s  o f  w a te r; th e  s t r u c tu r e  o f th e  

N -acy i n i t r o n e  can be compared w ith  N -acyl im ine ( 1 1 4 b ) i n  

te rm s o f  i t s  ca rb o n y l r e a c t i v i t y .  The s id e  r e a c t io n s  o f  im ines

O
II -f  

RC—N=CHR 
H

(114b)

may be avo ided  by th e  g e n e ra tio n  o f  im ino- d ie n o p h ile  in  c lo s e  

p ro x im ity  to  1 ,3 -d ie n e , th u s  th e  in tra m o le c u la r  D-A s t r a te g y  i s  

i d e a l ly  s u i te d  to  im ino- d ie n o p h i le s .

As e x p la in e d  in  C h a p te r  1, s u c c e s s f u l  i n t e r c e p t i o n  o f  

a c y l  n i t r o n e  proved  p o s s ib le  in  th e  example (2a )  in  th e  p re se n c e  

o f  N -phenylm aleim ide, in  t h i s  c a s e , n u c le o p h i l ic  a t t a c k  on 

c a rb o n y l i s  h in d e re d  by th e  t e r t i a r y  g roup . I t  i s  p roposed  

t h a t  th e  t - b u ty l  group i s  a good s t e r i c a l l y  h in d e r in g  g ro u p ,

X / ‘

(2a)

t h e r e f o r e  t h i s  shou ld  a llo w  in te r c e p t io n  by N -phenylm aleim ide and

o th e r  s im i la r  d ip o la r o p h i le s .  From thermodynamic and k in e t ic

123
d a ta  o f  th e  h y d ro ly s is  o f  1-ad a m an ty lca rb o x y la te  and p iv a la te  

i t  i s  r e p o r te d  t h a t ,  th e  1-adam anty l group has ro u g h ly  

1 kca 1/m o le  more s t e r i c  h in d m A cfe  than  t - b u ty l  g roup .

The c y c lo a d d it io n  o f  (2a) to  N -phenylm aleim ide was re p e a te d , 

and th e  n .m .r .  spectrum  o f  th e  adduct was reco rd ed  a t  400MHz
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(F ig . 17a). Computer s im u la tio n  o f  ABMX p a t t e r n  o f th e  

is o x a z o l id in e  r in g  p ro to n s  (F ig . 17b) proved d i f f i c u l t .  F u ll  

a n a ly s i s  o f  t h i s  invo lved  2-D c o r r e la t io n  and APT (F ig .

17d) (a t ta c h e d  p ro to n  t e s t ,^ ^ ^ ^  f o r  d e t a i l s  see  below ). From 

H/ C (F ig . 17c) c o r r e la t io n  experim en ts  (on ly  is o x a z o lid in e

F ig . 17b

r in g  in te r p r e te d  h e r e ) ,  c o r r e la t io n  was observed  between C-4 

( 6  4 5 .9 )  and  th e  p r o to n s  r e s o n a t in g  a t  3 .8 1  ( s ) ,  from  APT 

ex p erim en t ( t h i s  tec h n iq u e  g iv e s  in fo rm a tio n  on th e  number o f  

p ro to n s  a tta c h e d  to  ca rb o n s) t h i s  carbon has a p o s i t iv e  carbon  

s ig n a l  in d ic a t in g  a s in g le  p ro to n  a tta ch m e n t. C o r re la t io n s  were 

a l s o  observed  between C-3 (g 48 .8 ) and p ro to n s  r e s o n a t in g  a t  3 .77 

and 4 .5 0 ; APT experim en t e lu c id a te  t h i s  fo rm atio n  by showing a 

n e g a tiv e  s ig n a l  i . e .  even no. o f  p ro to n s , t h i s  can be a ss ig n e d  a s  

H-3 and H -3 ' r e s p e c t iv e ly .  C o r re la tio n  o ccu rred  between C-5 

(5 78 .6  ppm) and p ro to n s  re s o n a tin g  a t  5 .16  ( s ) ,  APT experim en t 

in d ic a te s  one a tta c h e d  p ro to n , th e r e fo r e  a ss ig n e d  a s  H-5.

NB. The a s s ig n m e n t  o f  H-3 and H -3 ' c o u ld  be p ro v e n  by NOE 

o bserved  by i r r a d i a t i o n  o f  H -5  (g 5 .1 6 ) . The m agnitude would be 

g r e a t e r  f o r  t h e  p r o to n  on th e  same f a c e  a s  H -5 . H ow ever, 

d e te rm in a tio n  o f  th e  NOE e f f e c t  proved d i f f i c u l t  s in c e  s e p a ra tio n  

o f  6 (3 .8 1 ) and 6 (3 .7 7 ) in  CDCl^ was very  sm all and a f t e r  1 1 /2  

ho u rs  NOE was n o t n o t ic e a b le .
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N Pivaloy l-N -ïïie thy lhydroxy lajn ine (52b) was then  o x id iz e d  a t  

room tem p e ra tu re  w ith  Ag^O in  a d i lu t e  N -phenylm aleim ide s o lu t io n  

in  th e  p rese n c e  o f  a d ry in g  a g e n t.

The observed  d ry  o x id a tio n  o f  (52b) in  th e  N -phenylm aleim ide 

s o lu t io n  a ffo rd e d  th e  u su a l decom position  p ro d u c t (124) (scheme

1 4 ). An 200MHz n .m .r . spectrum  (see  F ig . 17e) o f p ro d u c t m ix tu re  

showed th e  p resen ce  o f  c y c liz e d  p ro d u c t (125) in  t r a c e  am ounts, 

p ro v in g  much l e s s  s u c c e s s fu l  than  i t s  adam antyl ana lo g u e . The 

N -p iv a lo y l n i tro n e  c y c liz e d  p ro d u c t in  t r a c e  amounts showed an 

a lm o st id e n t ic a l  chem ical s h i f t  and s p l i t t i n g  p a t t e r n  f o r  th e  

is o x a z o l id in e  r in g  re g io n  to  t h a t  o f th e  adam antyl analogue (see  

F i g 's  17a and 17e).

9  ,OH O Q
til /  O t

B uC — N( — ^  BuC — N

(52b)

CH3 CH, N -P h

. /OCOBu O „  ?
CHrNOCOBu + B u ' i [ - l Q Q j - P h

Scheme 14 ( 125) ' b

In tra m o le c u la r  c y c lo a d d it io n  o f 1 ,3 -d ip o le s  may vary  from 

th e  u su a l in te rm o le c u la r  p a t te r n s  as  seen  in  in tra m o le c u la r  D-A 

r e a c t io n s .  There have been very  few re p o r te d  k in e t ic  s tu d ie s  on 

in tra m o le c u la r  1 ,3 - d ip o la r  c y c lo a d d it io n s . One such s tu d y

in v o lv e s  th e  fo rm ation  o f  4H - v - tr ia z o lo [5 , 1- c ] - [ 1 ,4 ] benzoxazines

(127) by th e  therm al r e a c t io n  o f  2- (2-a lk y n y lo x y )p h en y l a z id e s  

( 1 2 6 ) . The a c t iv a t io n  e n e rg ie s  range between c a . 21-22

k c a l/m o le  and a c t iv a t io n  e n tro p ie s  A S^ c a . -8  -  -13
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-  Q T '
CH— C = C —  
R'

(126)

c a l  mol  ̂ K \

(127)

In te rm o le c u la r  1 ,3 - d ip o la r  c y c lo a d d it io n

r e a c t io n s  norm ally  have m oderate a c t iv a t io n  e n e rg ie s  10-17

k c a l/m o le  and la rg e  n e g a tiv e  a c t iv a t io n  e n tro p ie s  A  ̂ -26 -  -36 
- 1, -1

c a l  mol k  . These changes r e p re s e n t  go ing from a b im o lec u la r  

to  a u n im o lec u la r  p ro c e s s ;  th e  r e s u l t s  prove th a t  in tra m o le c u la r

1 ,3 - d ip o la r  c y c lo a d d it io n s  e s s e n t i a l l y  p r o f i t  from s t e r i c  

c o n s t r a in t s  fa v o u ra b le  t o  bonding c o n ta c t  between th e  r e a c t in g  

f u n c t io n s .

The fa v o u ra b le  b e n e f i t s  o f  in tra m o le c u la r  in te r c e p t io n ,  see  

above, su g g ested  t h a t  th e  o x id a tio n  re a c t io n  o f  N -a lly lb e n z o -  

hydroxam ic a c id  (49a) and N -a lly l-N -ad am an ty lca rb o n y lh y d ro x y l-  

amine (49b) shou ld  be in v e s t ig a te d .  I t  was env isaged  th a t  th e

P h C O N -O H AdCONOH

(49a) * (49b)

r e s u l t i n g  a c y l n i t r o n e  (128) m ight undergo e le c t r o c y c l i z a t io n  to

(129 ). The oxidation  o f (49a) (Ag^O; CH^Cl^; rocm ten p era tu re )

O
II

RC— N
y O H O

II
RC— N -O .

(128) (129)

a ffo rd e d  th e  u su a l decom position  p roduct (130a) by n u c le o p h i l ic

s u b s t i t u t i o n  a t  c a rb o n y l. Hoping th a t  s t e r i c  hind a t  th e
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c a r b o n y l  g ro u p  m ig h t f a v o u r  th e  d e s i r e d  p a th w a y , ( 49b) was 

o x id iz e d  under th e  same c o n d itio n  a s  (4 9 a), b u t , a s  w ith  (4 9 a), 

th e r e  was no ev idence  f o r  iso x a z o lin e  (129) fo rm a tio n , b u t on ly  

f o r  th e  u su a l d iacy lh y d ro x y lam ine , (130b). Form ation o f  (130a)

°  APhC— N— OCOPh AdC— N— OCOAd

(130a) (130b)

and  (1 3 0 b ) seem  t o  i l l u s t r a t e  th e  e x tre m e  r e a c t i v i t y  o f  th e

c a r b o n y l  g ro u p  in  N -a c y l n i t r o n e s .  However an  a l t e r n a t i v e

e x p la n a tio n  may be due to  th e  wrong c o n f ig u ra t io n  o f

N -acy l n i t r o n e  re q u ire d  f o r  s u c c e s s fu l  e le c t r o c y c l i z a t io n .  T h is

i s  based  upon th e  f a c t  t h a t  o x id a tio n  o f  N -a lly lhyd roxam ic  a c id s

(49a) o r  (49b) le a d s  to  t h e i r  r e s p e c tiv e  ac y l n i t r o x id e

nd(c h a r a c te r iz e d  by e . s . r .  s p e c t r a ) which undergo 2 o rd e r  

d i s p r o p o r t io n a t io n  r e a c t io n s  supposed ly  to  a c y l n i tro n e  (128) and 

hydroxam ic a c id  ( fo r  which r a t e  c o n s ta n ts  have been m easured -  

s e e  C h ap te r 3 ) . The a l t e r n a t iv e  s te re o iso m e r  (131) m ight

p red o m in a te , p re c lu d in g  iso x a z o lin e  fo rm a tio n .

%
(131)

The f a i l u r e  o f  e le c t r o c y c l i z a t io n  o f th e  v in y l n i tro n e  shows 

t h a t  a new approach to  th e  tra p p in g  o f  ac y l n i tro n e s  i s  r e q u ire d .  

Such an approach cou ld  be ach ieved  by th e  g e n e ra tio n  o f  

a c y l n i t r o n e  in  a n o n -n u c le o p h il ic  env ironm ent, as" re p re se n te d  by 

th e  r e t r o - c y c lo a d d i t io n  re a c t io n  o f is o x a z o lid in e s  in  th e
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p r e s e n c e  o f  s c a v e n g e r s .

NPh

(132)

The a t te n p te d  therm al r e t r o -  1 ,3 - d ip o la r  c y c lo a d d it io n  o f

(132) in  d ich lo ro b en zen e  in  th e  p resen ce  o f benzyl a lc o h o l a t  

110 C and 178°C, showed no p resen ce  o f  th e  n u c le o p h ile  a c y la te s .  

T h is  i s  p r o b a b ly  due  t o  a n o t  h ig h  enough  te m p e ra tu re  f o r  

s u c c e s s fu l  r e t r o -  r e a c t io n .  In  c o n t r a s t  i t  i s  re p o r te d  th a t  th e  

r e t r o -  1 ,3 - d ip o la r  c y c lo a d d d it io n  o f  m onocyclic is o x a z o lid in e s

(133) d e riv e d  from n i tr o n e s  and con juga ted  double bond system s

125undergo  r e a c t io n  under m ild  c o n d it io n s .

(Vie.
(Vie " ' ■ > 0  •

O’

(133)
125

The r e t r o -  D-A o f 2 , 5 -d ip h e n y lte tr a z o le  (134) has an
Jp -1 -1

a c t i v a t i o n  energy  Ea = 32.4  k ca l/m o le  and AS = -2 .6  c a l  mol k

R— ^ ^ — C= 8 — R— R + Ng

(134)

The c a lc u la te d  a c t iv a t io n  e n e rg ie s  (see  C hap ter 5) f o r  th e  

r e t r o -  D-A o f  N -a c y lis o x a z o lid in e s  (135) and (136) range between 

c a .  60-63 kca l/m o le  and c a . 58-61 k ca l/m o le  r e s p e c t iv e ly ,  t h i s  

would in d ic a te  th a t  therm al fra g m en ta tio n  o f  (137) and (132)
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would r e q u ir e  much h ig h e r  tem p era tu re s  than  (134).

I t  i s  known t h a t  h e t e r o c y c l i c  r i n g s  can  u n d e rg o  r e t r o -

c y c l i z a t io n  fo llo w in g  e le c tr o n  im pact o r  u l t r a v i o l e t  i r r a d i a t i o n ,

o r  by h ig h  tem p era tu re  p y r o ly s is .  F lash  vacuum p y ro ly s is  i s  a
s h ouJn

h ig h  th erm al energy  te c h n iq u e ; f o r  exam ple, i t  was r e c e n tly  t h a t
A

f l a s h  p y r o ly s is  a t  750^C o f  dihydrobenzoxazines (137)^^^ cau ses  

r e t r o -  D-A to  g iv e  ketone  and a z a x y ly le n e .

Work i s  in  p r o g r e s s  on th e  f l a s h  p y r o l y s i s  o f  (138)

: • a :
R:

(137)

and (1 3 2 ), f o r  which c a lc u la te d  AH energy  b a r r i e r s  f o r  model 

compounds (see  C hap ter 5) and B.D.E. o f  N-0 would in d ic a te  a f in e  

b a la n c e  betw een r e t r o -  D-A and N-O bond f i s s io n .

(132) (135) (136) ^  X138)

The p re p a ra tio n  o f  (132) in v o lv es  p ro ced u res  o u t l in e d  in  

C h ap te r 1.

P r e p a r a t i o n  o f  N - b e n z o y lis o x a z o l id in e  (138) was f i r s t  

re p o r te d  by K ing,^^^ i t  in v o lv es  th e  cond en sa tio n  o f  tr im e th y le n e  

brom ide w ith  N -hydroxyurethane to  g iv e  2 -c a rb e th o x y iso a z o lid in e
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(1 3 9 ). On b o il in g  w ith  d i l u t e  HCl, t h i s  i s  decarboxy l a ted  to  

g iv e  iso x a z o lid in e  h y d ro ch lo rid e  (140) in  90% y ie ld .  

I s o x a z o l id in e s  a re  s tro n g  n u c le o p h ile s  and undergo a c y la t io n  w ith  

a c id  c h lo r id e s .  A d isa d v a n tag e  o f  t h i s  method i s  th e  c o s t  o f  th e  

N -hydroxyurethane (141).

yCHzBr

CĤ  + HONHCO^CjHs
^ H j B r  (141) (139)

I
(140)

(138)

An a l t e r n a t iv e  and cheaper method i s  re p o r te d  by Johnson e t

69a l  . The p re p a ra t io n  o f  (138) was ach ieved  by th e  o n e -s te p  

r e a c t io n  o f  tr im e th y le n e  bromide and N -benzoylhydroxylam ine in  

th e  p re se n c e  o f  base fo llow ed by d i s t i l l a t i o n  o f  p ro d u c t under 

reduced  p re s s u re .
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C h a p te r 5

S e m i-e m p iric a l c a lc u la t io n s  on c y c lo a d d it io n  r e a c t io n s

N-Acyl n i t ro n e s  (2) a re  p o s tu la te d  a s  in te rm e d ia te s  in  th e  

o n e -e le c t ro n  o x id a t io n  o f  N -alkylhydroxam ic a c id s  [see C hap ter 

1 ] .  I f  su c h  a s p e c i e s  e x i s t s  i t  s h o u ld  u n d e rg o  1 ,3 - d i p o l a r  

c y c l o a d d i t i o n  a s  do  o t h e r  n i t r o n e s .  O nly  in  two c a s e s  have  

c y c lo a d d it io n s  o f N -acyl n i t r o n e  been observed  (see  C hap ter 4 ) .

i-f,f
^CHR R' ^CHRr' ^Cr’

R

(52)  2a  R,R= H , r"= 1— Ad
142 R , R = H , R = B u

-the.
In  b o th  o f  th e s e  th e  e l e c t r o p h i l i c  r e a c t i v i t y  o f  carbony l carbon

X
was reduced  by th e  p re se n c e  o f  a t e r t i a r y  a lk y l  s u b s t i tu e n t  (2a, 

142 ). Q u a l i t a t iv e  c o n s id e ra t io n s  would su g g e s t t h a t  in  

c y c lo a d d it io n  r e a c t io n s  th e  ac y l n i tro n e  m ight be expected  to  be 

more r e a c t iv e  th an  a re  o th e r  n i t r o n e s  la c k in g  th e  

e le c tro n -w ith d ra w in g  s u b s t i tu e n t .  However, a s  d e sc r ib e d  in  

C h a p te r 4, f u r th e r  a tte m p ts  to  in te r c e p t  (2) in  t h i s  way have 

f a i l e d .  In  o rd e r  to  e v a lu a te  w hether th e  q u a l i t a t iv e  a n a ly s is  

was sound, a c r i t i c a l  exam ination  was undertaken  u s in g  

se m i-e m p ir ic a l M.O. m ethods (MNDO and AMI) to  in v e s t ig a te  th e  

e n e rg y  p r o f i l e  f o r  model c y c lo a d d it io n  r e a c t io n s  o f  n i t r o n e s  w ith  

and  w i th o u t  a c y l  s u b s t i t u e n t s .  A b r i e f  e x p la n a t io n  o f  M.O. 

m ethods and th e  ap p ro x im atio n s used in  so lv in g  M.O. e le c t r o n ic  

s t r u c tu r e  o f  complex m olecu les i s  g iven  in  Appendix I  to  t h i s  

C h a p te r.
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In  th e  l i t e r a t u r e ,  s t u d i e s  o f  1 ,3 - d i p o l a r  and o t h e r  

c y c lo a d d it io n  r e a c t io n s  in d ic a te  t h a t  th e  f r o n t i e r  M .O's a re  

im p o r ta n t;  th e  HOMO -  LUMO in te r a c t io n s  (see  C hap ter 4) a re  th e  

m ajo r f a c to r  invo lved  in  d e te rm in in g  w hether such r e a c t io n s  a re  

p o s s ib le .  Such a s tu d y  was u ndertaken  on a s e r i e s  o f  

c y c lo a d d it io n s  o f  (143) u s in g  th e  MNDO M.O. m ethod, and r e s u l t s  

a r e  shown in  T able  4 [ fo r  d e t a i l s  on m echanics o f  c a lc u la t io n s  

s e e  Appendix I ] .  The tre n d  in  th e  s e r i e s  (see  T ab le  4) shows

R — N
, / 0 -

(143) (144)

a R=CH3 a ^  =H H
b R=HCO b ^ = 0  i x = 0
C R^CH^CO ^  ii X = NH

: S;&co y ' " " - " »
O

CH,
c h {

t h a t  th e  HOMO -  LUMO energy  d i f f e r e n c e  d e c re a se s  a s  th e

e le c tro n -w ith d ra w in g  c h a ra c te r  o f  th e  d ie n o p h ile  group in c re a s e s .

The m ajo r in te r a c t io n  i s  between th e  HOMO o f  th e  d ie n e /d ip o le  and

th e  th e  LUMO o f  th e  d ie n o p h i le /d ip o la ro p h i le .  The r e l a t io n s h ip

betw een E , ^ and k in e t ic  r a t e  o f  r e a c t io n s  has been
HOMO -  LUMO

103 128
re p o r te d  by Sustmann e t  a l  (F ig . 18). ' In th e  c a se  o f

d ip o la r  c y c lo a d d it io n  (F ig . 19 ), Sustmann re p o r te d  t h a t  th e  r a t e  

( lo g  k ) depends e x p o n e n tia l ly  on E (f'ig* 18) and f o r

1 ,3 - d ip o la r  c y c lo a d d it io n s  to  a g iven  d ip o le ,  a p lo t  o f  log  k 

a g a in s t  E^^^^ d ip o la ro p h ile  (F ig . 19) fo llo w s a p a ra b o la .
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A nother f a c to r  in  such r e a c t io n s  in v o lv e s  th e  match inn o f th e

o r b i t a l s  in  d ie n e /d ip o la ro p h i le  [ r e f le c te d  in  th e  ( c o - e f f i c i e n t  
2

o f  a tom s) ] which d e te rm in es  th e  s t e r e o -  and r e g i o s e le c t i v i t y  o f 

such  r e a c t io n s .  In  th e  r e a c t io n s  s tu d ie d  in  t h i s  C h ap te r, th e  

l a t t e r  i s  n o t  a f a c t o r  a s  a l l  d i p o l a r o p h i l e s  c o n s id e r e d  a r e

sy m m e tric a l.
MeO

logK

NC CN

NC CN

C,H, ♦

♦ ♦

LUMO -HOMO HOMO
dipolaTophîle

As an e x te n s io n  to  q u a l i t a t iv e  argum ents based upon th e  

HCMO -  LUMO i n te r a c t io n s ,  M.O. m ethods were used to  in v e s t ig a te  

th e  e n e rg y  p r o f i l e  f o r  model c y c lo a d d it io n  r e a c t io n s  o f  n i tro n e s  

in c lu d in g  a c y l n i t r o n e s  to  s im ple  a lk e n e s . The c a lc u la t io n s  were 

th e n  ex tended  to  in v e s t ig a te  th e  d i f f e r e n c e  between th e  

e n e r g e t i c s  o f  endo and exo approach o f  1 ,3 -d ip o le s  to  a ca rb o n y l 

s u b s t i tu t e d  a lk e n e s  and 1 ,3 -d ip o le  which e x h ib i t  s t e r i c  e f f e c t  

w ith  bu lky  s u b s t i tu e n t s  to  such a lk e n e s . For rea so n s  d e ta i le d  in  

A p p en d ix  1, t h e s e  c a l c u l a t i o n s  u se d  b o th  MNDO and th e  m ore 

r e c e n t ly  a v a i la b le  AMI ap p ro x im atio n s . The d e ta i le d  p ro ced u re  

f o r  th e  c a lc u la t io n s  i s  g iven  in  Appendix 11.

MNDO and AMI c a lc u la t io n s  were c a r r ie d  o u t u sin g  th e  AMPAC 

programme system . TVo r e a c t io n  c o -o rd in a te s  were d e fin e d  (F ig .
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2 0 ) ,-  c o r r e s p o n d in g  to  c le a v a g e  o f  th e  C-C bond o f  th e

c y c lo a d d u c t and R2 / co rresp o n d in g  to  th e  c leav ag e  o f th e  C-0

bond. E n th a lp ie s  o f  fo rm ation  were c a lc u la te d  a t  f ix e d  v a lu es  o f

R^ and R2 f w ith  f u l l  o p tim iz a tio n  o f th e  rem aining 3N-8 d eg rees

o f  freedom , and used to  c o n s tru c t  a c o n to u r d iagram . A ll T .S 's

129were c h a ra c te r iz e d  u s in g  EXDRCE c o n s ta n t keyword in  in p u t d a ta  

f i l e  ( s e e  A ppendix  I I ) .  F ig .  21 show s th e  c o n to u r  d ia g ra m s  

c a lc u la te d  fo r  r e a c t io n  between th e  s im p le s t  n i tro n e  and e th en e  

u s in g  bo th  MNDO and AMI p ro ced u res .

F ig . 20

The s e r i e s  o f  c y c lo a d d it io n s  (F ig . 22) was d ev ised  to  e n ab le  

q u a n t i t a t i v e ,  a s  w e l l  a s  q u a l i t a t i v e  e f f e c t s  o f  s t e r i c  and 

e le c t r o n i c  f a c to r s  on th e  a c t iv a t io n  energy  o f  th e  c y c lo a d d it io n  

and i t s  r e v e r s a l  to  be made.

(135)

F ig . 22

T ab le  5 summaries th e  r e s u l t s  from RHF AMI c a lc u la t io n s .  

The q u a n t i t i e s  l i s t e d  a re  h e a ts  o f fo rm ation  (AH^) f o r  r e a c ta n t s ,  

T .S . and p ro d u c ts ;  th e  co rrespond ing  e n th a lp ie s  ' o f a c t iv a t io n  

( A # ) ;  th e  le n g th s  (R R o f form ing C-X bonds in  each T .S ..

NHR - N

(136)
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^ _ METHOD CALCULATIONS OF THE 1 , 3 - DI POLAR CYLOADDITI ON

RE A C T I O N S —OF SE LE C TE D  S I M P L E  N IT R O N E  AND ACYL N I T R O N E  WITH

E T H E N E O R  M A LE IM ID E
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For many y e a rs  th e re  have been argum ents o v e r w hether o r  n o t

D ie ls -A ld e r  type  r e a c t io n s  a re  c o n c e rte d  and synchronous. tV h ils t

e x p e rim e n ta l r e s u l t s  e .g .  AS  ̂ A \ /  and k in e t i c  iso to p e  
132

e f f e c t s  su p p o rt a c o n c e rte d  and synchronous mechanism Dewar e t  
133

have argued m ain ly  based upon s e m i-e n p i r ic a l  M.O.

c a lc u la t io n s  (RHF/UHF MINDO/3 and RHF/UHF MNDO) t h a t  in  a lm ost

a l l  D ie l s - A ld e r  r e a c t i o n s  f o rm a t io n  o f  one  bond b e tw een  th e

r e a c ta n t s  runs w e ll ahead o f  t h a t  o f  th e  o th e r .  T h is  im p lie s

a p p re c ia b le  b i r a d ic a l  c h a ra c te r  f o r  th e  t r a n s i t i o n  s t a t e .  The

134r e s u l t s  o f  a number o f  ab i n i t i o  c a lc u la t io n s  w ith  l im ite d

e le c t r o n  c o r r e la t io n  on such system s on th e  o th e r  hand in d ic a te

t h a t  f u l l y  c o n c e rte d  and synchronous mechanisms a re  p r e f e r r e d .

In  th e s e  c a lc u la t io n s  c lo s e d - s h e l l  s p e c ie s  (RHF) invo lved  in  th e

c o n c e r te d  p ro c e s se s  and th e  o p e n -s h e l l  ( b i r a d ic a l )  UHF s p e c ie s

en co u n te re d  in  th e  non -co n certed  p a th  can n o t be compared f a i r l y ,

s in c e  th e s e  m ethods a r t i f i c i a l l y  fav o u r one p a th  o v e r th e  o th e r .

U n l ik e  th e  c l o s e d - s h e l l  RHF and o p e n - s h e l l  UHF m e th o d s , t h e

135m u l t ic o n f ig u r â t ion  SCF (MCSCF) c a lc u la t io n s  e n ab le  com parison 

on th e  same energy  s c a le .

P re se n t MCSCF and h ig h e r  le v e l  c o r r e la te d  c a lc u la t io n s  on 

r e p r e s e n ta t iv e  1 ,3 - d ip o la r  c y c lo a d d itio n s^ ^ ^ ^  in d ic a te  t h a t  

c o n c e r te d  pathway i s  favoured  o v e r th e  b i r a d ic a l  p a th . 

F u rth e rm o re , u n lik e  th e  b i r a d ic a l  pathw ay, th e  p r e d ic te d  

a c t iv a t io n  b a r r i e r s  f o r  th e  co n certed  p ro c e ss  l i e  in  th e  c o r r e c t  

e x p e rim e n ta l ran g e .

From th e  c a lc u la t io n s  d e sc r ib e d  in  t h i s  c h a p te r  (see  F ig .

96



EN.ERGY CONTOUR MAPS OF THE AMI AND MNDO GRID CALCULATIONS

OF THE REACTION OF SIMPLE NITRONE AND ETHENE

cc:

F i g .  21
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21) on th e  r e a c t io n  between and e th e n e , i t  i s  ap p a ren t

t h a t  th e  MNDO method lead s  to  a t r a n s i t i o n  s t a t e  fo r

c y c lo a d d d it io n  in which bonding i s  s t ro n g ly  developed  o n ly  a long

(C-C) c o -o rd in a te  co rrespond ing  to  an asynchronous r e a c t io n .

The r e s u l t  o f  th e  AMI procedure  (F ig . 21) le a d s  to  a much more

s y n m e tr ic a l  t r a n s i t i o n  s t a t e  in  which th e  deve lop ing  C-C

(2 .148  A) and C-O (2 .035  A) bonds a re  formed to  a com parable

e x te n t  c o rre sp o n d in g  to  a synchronous and co n c e rte d  r e a c t io n .

S im ila r  c a lc u la t io n s  on D ie ls -A ld e r c y c lo a d d it io n  r e a c t io n s  u s in g

109AMI method has been re p o r te d  by Fox and co -w orkers .

kThile AMI p r e d ic ts  th e  T .S 's  to  be sym m etrica l o r  n e a r ly

s y m m e tr ic a l  and th e  r e a c t i o n s  s y n c h ro n o u s , MNDO ( a t - t h e  RHF

le v e l )  p r e d ic ts  th e  T .S 's  to  be very  unsym m etrical (R^ and R^
136d i f f e r  g r e a t l y ) .  Houk e t  a l  has p re v io u s ly  su g g ested  th a t

Z.D.O. ap p rox im ations (as  opposed to  ab  i n i t i o  method) may ten d

in  c a se s  a s  th e se  to  p r e d ic t  unsymrametrical T .S 's .  But t h i s  does

n o t ho ld  up to  c lo s e  ex am in a tio n , s in c e  both  MINDO/3 and MNDO

have in  c e r t a in  c a se s  p re d ic te d  sy n m e tr ic a l  - T .S 's  in

c y c lo a d d it io n  r e a c t io n s ,  f o r  example th e  ch e l e t r o p ic  a d d it io n  o f
137

1 ,3 -b u ta d ie n e  to  s tan n o u s  bromide to  form (145). MNDO p r e d ic ts

a s y m m e tr ic a ]  T .S . w i th  a s i g n i f i c a n t  a c t i v a t i o n  e n e rg y  (15
138

k c a l/m o le ) .  The r e a l  e x p la n a tio n  by Dewar e t  ^

(145)
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DIFFERENCE ENERGY CONTOUR MAP OF THE AMI AND MNDO

"METHODS FOR THE REACTION OF SIMPLE NITRONE AND ETHENE

F i g .  23
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l i e s  .on th e  w e ll-k n o w n  f a i l i n g  o f  MINDO/3 and MNDO in  t h e i r  

tendency  to  o v e re s tim a te  re p u ls io n  in te r a c t io n s  between atoms 

when th e  d is ta n c e  between them i s  1 .5 -2 ,5  A; two such bonds o ccu r 

in  a c y c lo a d d it io n  t r a n s i t i o n  s t a t e ,  and th e  cum ula tive  e f f e c t  i s  

p a r t i a l l y  r e l ie v e d  by ad o p tio n  o f an a sy m m etrica lized  T .S ..  T h is  

o v e re s tim a tio n  o f  in te ra to m ic  re p u ls io n s  has been c o rre c te d  in  

AMI by re p a ra m e te r iz a tio n  o f co re  re p u ls io n  fu n c t io n s . T h is  has

been n ic e ly  dem onstra ted  f o r  th e  n i tro n e  c y c lo a d d it io n s  by
139

R zepa, who p lo t te d  th e  co n to u r map showing th e  d i f f e r e n c e  

betw een th e  two s u r f a c e s  p lo t te d  in  F ig . 21. The d i f f e r e n c e  

s u r f a c e ,  p lo t te d  in  F ig . 23 re v e a ls  t h a t  th e  two methods d i f f e r  

th e  most in  energy  a t  C-C and C-O bond le n g th s  o f  2 .3  and 2 .1  A 

r e s p e c t iv e ly ,  ap p ro x im ate ly  c o in c id e n t w ith  th e  p re d ic te d  AMI 

T .S . (F ig . 23).

139F u r th e r  r e s u l t s  by Rzepa e t  a l  on th e  c l a i s e n  ty p e  

[3, 3] sigma t r o p ic  rearrangem en t o f p e n ta d ie n a l  (146), a g a in

u s in g  th e  d i f f e r e n c e  between f-lNEXD and AMI c o n to u r maps, once more 

r e v e a l  q u i te  s im i la r  energy  s u r f a c e s ,  bu t th e  reg io n  o f  maximum 

d i f f e r e n c e  between th e  two methods i s  no t c o in c id e n t  w ith  e i t h e r

O ^

(146)

T . S . .  T h ese  r e s u l t s  show t h a t  MNDO and AMI m ethods p r e d i c t  

t o t a l l y  d i f f e r e n t  T .S . on ly  when T .S 's  form ing /deform ing  bonds
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a re  in  th e  reg io n  1 .5 -2 .5  A and th a t  asymmetry i s  not i n t r i n s i c  

in  th e  MNDO method.

T ab le  5 g iv e s  c a lc u la te d  v a lu e s  o f f o r  s e le c te d  n i tro n e s  

w ith  e th e n e  o r  m aleim ide. Comparison o f th e  c a lc u la te d  

a c t iv a t io n  e n e rg ie s  f o r  th e  r e a c tio n  o f  th e  model 

N -form yl n i t ro n e s  w ith  th a t  o f th e  N-H s p e c ie s  u s in g  AMI shows 

enhanced r e a c t i v i t y  a s s o c ia te d  w ith  th e  form yl d e r iv a t iv e s .  

E v id e n tly  th e  f a i l u r e  to  t r a p  th e se  s p e c ie s  w ith  d ip o la ro p h ile s  

o th e r  th an  N-phenylm aleim ide must be a s s o c ia te d  w ith  th e  very  

h igh  n u c le o p h i l ic  s u s c e p t ib i l i t y  o f th e  ca rb o n y l carbon .

For th e  r e a c t io n s  w ith  m aleim ide, th e  c a lc u la te d  a c t iv a t io n  

b a r r i e r s  f o r  c y c lo a d d it io n  a re  m arkedly reduced compared w ith  

th o se  f o r  e th e n e , in  accord  w ith  th e  ex p e rim e n ta l o b s e rv a tio n  

(see  C h ap te r 4 and e a r l i e r )  t h a t  e le c t r o n - d e f i c i e n t  a lk e n e s  a re  

good  d i p o l a r o p h i l e s .  The c a l c u l a t i o n  o f  th e  exo  and en d o  

app roach  o f th e  1 ,3 -d ip o le  to  th e  m aleim ide (see  T able 5) showed 

s m a ll d i f f e r e n c e s  in  a c t iv a t io n  b a r r i e r s ,  w ith  th e  endo pathway 

s l i g h t l y  fav o u red . T h is  i s  c o n s is te n t  w ith  fa v o u ra b le  secondary  

o r b i t a l  i n t e r a c t i o n s  w h ich  a r e  p r e s e n t  in  th e  T .S . f o r  endo  

a d d i t io n  (see  F ig . 24).

F in a l ly ,  in  o rd e r  to  r e l a t e  model system s more c lo s e ly  w ith  

e x p e rim e n ta l system s (2a) and (142) [see C hap ter 4 ] ,  c a lc u la t io n s  

w ere ex tended  to  th e  r e a c t io n  o f th e  N -p iv a lo y l n i tro n e  (143e) 

w ith  e th e n e  and m aleim ide (see F ig . 25). Comparison w ith  th e  

form yl system  re v e a ls  n e g lig ib le  s t e r i c  e f f e c t  in  th e  e th en e  

r e a c t i o n ,  b u t  f o r  th e  r e a c t i o n  w ith  m a le im id e  th e  e x o /e n d o
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p re fe re n c e  i s  re v e rse d . In t h i s  c a se , fo r  th e  exo-approach  th e  

s t e r i c  e f f e c t  i s  ag a in  n e g l ig ib le ;  on ly  fo r  th e  endo-approach i s  

th e r e  ev id en ce  f o r  an a p p re c ia b le  (2 .3  k c a l/m o le ) s t e r i c  

in te r a c t io n .

In C hap ter 4, a tte m p ts  to  in te r c e p t  ac y l n i tro n e  by i n t e r -  

and in tra m o le c u la r  r e a c t io n s  f a i l e d  w ith  th e  e x c ep tio n  o f  th e  few 

c a s e s  d e s c r i b e d .  Such f a i l u r e  s u g g e s t  t h a t  th e  t r a p p in g  o r  

p h y s ic a l  i d e n t i f i c a t i o n  o f sim ple  ac y l n i t ro n e s  w i l l  on ly  be 

p o s s ib le  in  a n o n -n u c le o p h ilic  environm ent such a s  th e  

r e t r o -  D ie ls -A ld e r  r e a c t io n s  suggested  in  C hap ter 4. In  T able  5; 

th e  c a lc u la t io n  o f  th e  a c t iv a t io n  energy  b a r r i e r s  f o r  a s e r i e s  o f  

model r e t r o -  1 ,3 -d ip o la r  c y c lo a d d it io n  r e a c t io n s  (135) and (136) 

s u g g e s t  energy  b a r r i e r  ranges o f  c a . 60-63 k ca l/m o le  and c a . 

58-61 k c a l/m o le  r e s p e c t iv e ly .  T his i s  o f th e  o rd e r  o f  th e  N-O 

B .D .E . I t  can  be s e e n  t h a t  th e  c a rb o n y l  c o n ju g a t io n  o f  th e  

a lk e n e  m oiety  red u ces  th e  A H ^^(retro), th e re fo re  g e n e ra tio n  o f  th e  

a c y l n i t ro n e  maybe favoured  by s t r u c tu r a l  d e s ig n  o f  a m olecule 

w hich c o n ta in s  in c re a se d  c o n ju g a tio n  t h a t  would low er th e  

a c t i v a t io n  energy  f o r  th e  r e t r o -  1 ,3 -d ip o la r  c y c lo a d d it io n  

r e a c t io n .

H y H
I.'h  —
H

(135)

i R = h  lii R= Bu CO
ii R=HCO
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APPENDIX I

I n tr o d u c tio n :  An O u tlin e  o f  Sem i-E m pirical M.O. Methods

The p io n e e r in g  work o f  S ch ro ed in g e r, H eisenberg  and D irac  

le d  th e  developm ent o f  s e v e ra l  approaches to  m o lecu la r c a l c u l a t ­

io n . E v e n tu a lly  m o lecu la r o r b i t a l  th eo ry  proved i t s  v e r s a t i l i t y  

o v e r  o th e r  methods o f  c a lc u la t io n .  M olecu lar o r b i t a l  th e o ry  

p ro v id e s  a p r e c is e  d e s c r ip t io n  o f m o lecu la r e le c t r o n ic  s t r u c tu r e  

o n ly  f o r  o n e -e le c tro n  m o lecu les; f o r  many e le c tr o n  m o lecu le s , 

ap p ro x im atio n s  a re  r e q u ire d . FXill a n a ly t ic a l  c a lc u la t io n s  o f  th e  

m o le c u la r  o r b i t a l s  f o r  most m an y -e lec tro n s system s may be reduced 

to  a p u re ly  m athem atica l probelm.^"^^ The s o lu t io n s  to  th e s e  

p robe  1ms a re  now p o s s ib le  due to  th e  adven t o f  d i g i t a l  co rrp u ters . 

However, th e  com puter tim e re q u ire d , even f o r  d ia to n ic  m o lecu les  

i s  c o n s id e ra b le . On th e  o th e rh an d , many a p p lic a t io n s  o f  M.O. 

th e o ry  r e q u ir e s  o n ly  q u a l i t a t iv e  o r  s e m i-q u a n t i ta t iv e  knowledge 

o f  th e  form o f  th e  m o lecu la r from which th e  n e c c e ssa ry  

in fo rm a tio n  can be e x tr a c te d .  A pproxim ation m o lecu la r o r b i t a l

t h e o r i e s  can be approached from two b a s ic a l ly  d i f f e r e n t  v iew s.
141

The two approaches a re  c a l le d  th e  Huckel (and ex teX ted  

H uckel^^^) th e o ry  and th e  approxim ate s e l f - c o n s i s t e n t  f i e l d  

t h e o r y .  In  b o th  t h e o r i e s  th e  tt- e l e c t r o n s  o f  th e  p l a n a r

u n s a tu ra te d  o rg a n ic  m olecu les a re  t r e a te d  e x p l i c i t l y  w ith  th e  

rem ain ing  a - e l e c t r o n s  and atom ic n u c le i  c o n s id e r  a s  p a r t  o f a 

non—p o la r iz a b le  c o re . They a re  based upon a scheme developed

w ith in  M.O. th e o ry  framework, bu t w ith  a number o f  

s im p l i f ic a t io n s  in tro d u c ed  in  c o n p u ta tio n . E xperim ental d a ta  on
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atc3nis o r  p ro to ty p e  m o lecu la r system s a re  used to  e s tim a te  v a lu e s  

f o r  q u a n t i t i e s  e n te r in g  th e  c a lc u la t io n s  a s  p a ram ete rs . Hence 

th e s e  s im p l if ie d  tec h n iq u es  a re  r e f e r r e d  to  a s  se m i-e m p iric a l 

m ethods.

The s e l f - c o n s i s t e n t  f i e l d  (SCF) m ethods can be a p p lie d  to

m o lecu le s  w ith  m o lecu la r w eigh t up to  1200. The g e n e ra l SCF M.O.

m ethod, th e  v a rio u s  app rox im ations in v o lv e d , and a l l  th e

144i n t e g r a l s  re q u ire d  have been review ed by P a r r .  I t  i s  in  th e

a re a  o f  th e  se m i-e m p iric a l c h o ices  f o r  i n te g r a l s  t h a t  th e  v a r io u s

se m i-e m p ir ic a l  m ethods d i f f e r .  The se m i-e m p iric a l m ethods

e s t im a te  a t  l e a s t  some o f  th e  in te g r a l s  from a n p ir ic a l  d a ta  a t

t h e  sam e tim e  r e d u c in g  th e  num ber o f  i n t e g r a l s  w hich  m ust be

c o m p u te re d  on th e  C ra y , d i f f e r e n t  l e v e l s  o f  ab  i n i t i o  M.O.

c a lc u la t io n s  ( in  which no o r  v e ry  l i t t l e  e m p ir ic a l  d a ta  i s  u sed )

have become p o s s ib le  on sm all and medium s iz e  m o lecu les , a lth o u g h

c o m p u te r  t im e  i s  s t i l l  c o n s id e r a b l e  and i t s  u s e s  a s  a t o o l ,

com parable to  th e  v a r io u s  s p e c tro sc o p ic  tec h n iq u es  which a re

a v a l i a b le  to  o rg a n ic  c h e m is ts , a re  s t i l l  l im ite d .

Review o f  a v a l ia b le  se m i-e m p iric a l m ethods

( i )  CNDO- Complete n e g le c t  o f  d i f f e r e n t i a l  o v e rla p

T h is  i s  th e  m ost e le m e n ta ry  th e o r y  in  w hich e l e c t r o n

re p u ls io n s  a re  inc luded  in  c a lc u la t io n  a s  opposed to  Huckel ty p e
145

c a lc u la t io n .  The Pople group proposed CNDO and i t s  v a r i a t io n  

CNDO/2^'^^ which s a t i s f y  th e  tra n s fo rm a tio n  in v a r ia n c e  which 

s im p l i f i e s  the  f u l l  M.O. th eo ry  c a lc u la t io n s .  ‘ Ih e  in n e r  s h e l l  

e le c t r o n s  a re  t r e a te d  a s  a r ig id  co re  and o n ly  valence  e le c tr o n s  

a r e  t r e a te d  e x p l i c i t l y .  Complete n e g le c t  o f  d i f f e r e n t i a l  o v e r la p
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means t h a t  i n te g r a l ,  where (jjy and 4)^, a re  assumed to  be two

d i f f e r e n t  a tom ic o r b i t a l s ,  alw ays v a n ish e s , w hether th e  o r b i t a l s

y and  V a r e  c e n t r e d  on th e  same atom  o r  on d i f f e r e n t  a to m s .

O bv iously  t h i s  w i l l  s im p lify  c o n s id e ra b ly  th e  c a lc u la t io n s ,  a l l

tw o -c e n tre  o v e rla p  i n te g r a l s  w i l l  v a n ish . Many o f  th e  coulomb

and e le c t r o n  re p u ls io n  in te g r a l s  w i l l  v a n ish .

The app rox im ations made in  th e  CNDO method means t h a t  a l l

a to m ic  s t a t e s  f o r  a g iven  c o n f ig u ra t io n  have th e  same energy .

(2) INDO- in te rm e d ia te  n e g le c t  o f  d i f f e r e n t i a l  o v e r la p ^ ^ ^ '

The CNDO approx im ation  in tro d u c e s  e le c t r o n - e le c t r o n

re p u ls io n  in  th e  s im p le s t  form . Adequate a llow ances a re  n o t made

d i f f e r e n t  in te r a c t io n s  between e le c tr o n s  w ith  p a r a l l e l  o r

a n t i - p a r a l l e l  s p in s ,  p a r t i c u l a r l y  i f  they  a re  on th e  same atom .

As a r e s u l t ,  CNDO c a lc u la t io n s  f re q u e n tly  a re  unab le  to  g iv e  an

a c c o u n t  o f  th e  s e p a r a t i o n  o f  s t a t e s  a r i s i n g  from  th e  same

c o n f ig u r a t io n .  T h e re fo re  CNDO, when a p p lie d  to  r a d i c a l s ,  does

n o t  le a d  t o  any  s p in  d e n s i t y  in  o - o r b i t a l s  a s  do th e  f u l l

u n r e s t r i c t e d  c a lc u la t io n .  In  th e  INDO m ethod, a ls o  proposed by 

146th e  Pople g roup , i t  a p p lie s  th e  ze ro  d i f f e r e n t i a l  o v e r la p

ap p ro x im atio n  in  a l l  e le c tr o n  in te r a c t io n  ( re p u ls io n  and

a t t r a c t i o n )  i n te g r a l s  ex cep t th o se  in v o lv in g  one c e n tr e  exchange

i n t e g r a l  o n ly  i . e .  (4)y4)^| = 0  ( y and v a r e  on th e  same

a to m ). T h is  means t h a t  a l l  one c e n tre  exchange in te g r a l s  l ik e

(p D Ip p ) a re  r e ta in e d .  These a re  im p o rtan t s in c e  th ey  
X y ' X y

in tro d u c e  q u a n t i ta t iv e ly  th e  e f f e c t  o f  H und's r u le ,  acco rd in g  to  

w hich e le c tr o n s  in  d i f f e r e n t  atom ic o r b i t a l s  on th e  same atom
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w ill_ h a v e  a low er re p u ls io n  energy i f  t h e i r  sp in  a re  p a r a l l e l .

(3) MINDO- M odified in te rm e d ia te  n e g le c t  o f  d i f f e r e n t i a l  o v e rla p

Dewar and B aird^^^ in tro d u ced  th re e  m o d if ic a tio n s  on to  th e

o r ig i n a l  INDO method w ith  th e  s p e c i f ic  aim o f  c a lc u la t in g  h e a ts

o f  fo rm a tio n . Dewar and B aird  in  t h i s  ca se  sought to  b e s t  f i t

e x p e rim e n ta l d a ta ,  w hereas Pople t r i e d  to  reproduce  th e  r e s u l t s

by u s in g  th e  same b a s is  s e t  bu t reduc ing  app rox im ation . These
149

a p p ro a c h e s  have  been  u p d a te d  and a r e  c a l l e d  MINDO/2 and 

MINDO/3.

(4) NDDO- N eg lect o f  d ia to m ic  d i f f e r e n t i a l  o v e rla p

T h is method o f  c a lc u la t io n  was proposed by P op le , S a n try , 

and S e g a l . O f  th e  th re e  le v e ls  o f  approx im ation  c o n s id e re d , 

i t  i s  th e  c lo s e s t  to  th e  f u l l  SCF e q u a tio n  o f  R oothan.^^^ The 

NDDO method s t i l l  a p p lie s  th e  Z.D.O. approx im ation  f o r  o r b i t a l s  

s i t u a t e d  on d i f f e r e n t  atom ic c e n t r e s ,  bu t r e t a in s  in te g r a l s  

in c lu d in g  th e  p ro d u c t o f  th e  two o r b i t a l s  on th e  same atom. In  

o th e r  words tw o -ce n tre  coulomb in te g r a l s  o f  th e  type

( 4)^4)^ where o r b i t a l s  y and v come f ro n  atom A and X and

a from  atom B, a re  r e ta in e d .  In  a d d it io n ,  o n e -c e n tre  coulomb and

exchange in te g r a l s  in v o lv in g  up to  fo u r  d i f f e r e n t  o r b i t a l s  on th e

same atom may o c c u r. R e ta in in g  monoatomic d i f f e r e n t i a l  o v e rla p  

removes th e  r e s t r i c t i o n s  th a t  th e  tw o -ce n tre  in te g r a l s  be

independen t o f  o r b i t a l  ty p e .
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(5) MNDO- M odified  n e g le c t  o f  d ia to m ic  d i f f e r e n t i a l  o v e r la p
J 5 2

The Dewar g ro u p  in tr o d u c e d  e x p e r im e n ta l  d a ta  in  

p a ra m e te r iz a tio n  o f  c e r t a in  in te g r a l s  in  th e  NDDO p rocedure  as 

se en  in  th e  MINDO m ethod, a llow ing  t h e i r  s o lu t io n  to  be s o u g h t. 

In th e  INDO m ethod, on which MINDO is  b ased , tw o -c e n tre  

e l e c t r o n - e l e c t r o n  re p u ls io n  and o o re -e le c tro n  a t t r a c t i o n s  a re  

s p h e r i c a l l y  a v e ra g e d ,  w h e re as  in  th e  NDDO m ethod th e y  show 

a n g u la r  dépendance due to  p o s s ib le  d i f f e r e n t  o r i e n t a t io n s  o f  th e  

h ig h e r  m u lt ip o le .

In  th e  MNDO m ethod, th e  tw o -cen tre  r e p u ls io n  in te g r a l s  a re  

s o lv e d  by p a ra m e te r iz a tio n  w ith  e m p ir ic a l  d a ta  a s  opposed to  th e  

a n a ly t i c a l  s o lu t io n  in  th e  NDDO method. In  MNDO (Eg. 7) i s  

found by e m p ir ic a l  p a ra m e te r iz a tio n .

^TOT ^ e l  ^ ^AB re p u ls io n

Eg. 7

(6) AMI m ethod- A u stin  model 1

The t r e a tm e n t  o f  c o r e - e l e c t r o n  a t t r a c t i o n  (Eg. 8) and 

c o re -c o re  r e p u ls io n s  (Eg. 9) in  MNDO a re  as fo llo w s .

y p s  ) + f2^^AB^
Eg. 8

= Z ^ Z g ( s \  , s  s  ) +

Eg. 9

O v e re s tim a tio n  o f  r e p u ls io n  in te r a c t io n s  o c c u rs  in  th e  MNDO when 

d i s t a n c e s  betw een atom s a re  a t  c a . t h e i r  van d e r  Waals d i s ta n c e s  

a p a r t .  The AMI method i s  a re p a ra m e te r iz a tio n  o f  th e  MNDO
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m ethod, in  which th e  co re  re p u ls io n  fu n c tio n s  (CRF) [Eq. 10] a re  

m o d ified . Dewar e t  a l  m odified th e  e x is t in g  fu n c tio n s  by 

a d d i t io n a l  G aussian  term s. In th e  AMI method th e  CRF a re  as  

fo llo w s .

CRF (AB) = Z_Z_ [ 1 + F(A) + F(B)j 
Eq. 10 A G ==

Ifliere F(A) = exp ( -  a ^ R ^ )  + K^.exp ( L^. ( R ^  -  

F(B) = exp ( .g R ^ )  + K^.exp [ L^. ( R ^  -

M and K a re  p a ram ete rs

Two s t r a t e g i e s  w ere u sed  to  m od ify  CRF and re d u c e  

in te r a to m ic  re p u ls io n s  a t  la rg e  s e p a ra tio n s . In  th e  f i r s t ,  one 

o r  more a t t r a c t i v e  G aussians were added to  com pensate th e  

e x c e s s iv e  re p u ls io n s  in  MNDO ( r e f e r r in g  to  Eg. 8, 9 ) . In  th e  

seco n d , re p u ls io n  G aussians were c e n tre d  a t  sm a lle r  in te ra to m ic  

s e p a r a t io n s ,  le a d in g  to  an o v e ra l l  re d u c tio n  o f  th e  main term  in  

t h e  e x p r e s s io n  (E g. 10) f o r  th e  c o re  r e p u l s io n s  and h en ce  

red u c in g  re p u ls io n s  a t  l a r g e r  in te ra to m ic  d is ta n c e s .

In  th e  c a se  o f  C, H, and N both  type o f  g a u ss ia n s  were u sed . 

In  oxygen o n ly  r e p u ls iv e  G aussians were used . These improvements 

have led  to  b e t t e r  c a lc u la t io n s  o f  hydrogen bonding s tr e n g th s  and 

hydrogen-bond le n g th s ,  and a ls o  to  more r e a l i s t i c  t r a n s i t io n  

s t a t e  e n e rg ie s  and g eo m e trie s .

RHF ( r e s t r i c t e d )  and UHF ( u n re s t r ic te d )  H artree-Fock  th e o r ie s

In  INDO and NDDO m e th o d s , t r e a tm e n t  f o r  c l o s e d - s h e l l
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molec^ules (p a ire d  e le c tr o n s )  and o p e n -sh e ll  m olecules (unpaired  

e le c t r o n s )  d i f f e r .  For c lo s e d - s h e l l  m olecules the  RHF 

( r e s t r i c t i v e  H artree-F ock ) th eo ry  i s  u s e d / ^ ' '  in  which i t  l im i t s  

th e  e le c t r o n s  to  a p a irw ise  o ccu p atio n  o f th e  m o lecu la r o r b i t a l s ,  

i . e .  o r b i t a l s  o f  th e  m o le c u le  a r e  e i t h e r  d o u b ly  o c c u p ie d  o r  

em pty.

In  INDO, th e  d i r e c t i o n a l i t y  o f  chem ical bonding i s  on ly  

re p re s e n te d  in  th e  resonance  in te g r a l s  ByX w hile  in  NDDO i t  i s  

a l s o  in c lu d ed  in  th e  tw o -ce n tre  e le c t r o n - e le c tr o n  re p u ls io n s  and 

c o r e - e le c t r o n  a t t r a c t i o n s .  T h erefo re  NDDO methods a re  expected  

t o  be s u p e r io r  to  an INDO based method whenever d i r e c t i o n a l i t y  

e f f e c t s  p la y  an im p o rtan t r o le  in  a m olecu le .

C hoice o f  se m i-e m p irio a l m ethods used

The MINDO/3 method perform s very  w e ll on hydrocarbons bu t 

probelm s a r i s e  in  th e  ca se  o f  m olecules c o n ta in in g  h e te ro a to m s, 

du e  t o  n e g le c t  o f  o n e - c e n t r e  o v e r l a p  in  th e  u n d e r ly in g  INDO 

ap p ro x im atio n  on which MINDO/3 i s  based: i n te g r a l s  d e s c r ib in g  th e  

d ip o le  f i e l d s  due to  lo n e - p a ir  e le c tro n s  in  hybrid  A .O 's a re  

n e g le c te d . As a r e s u l t  d ip o le -d ip o le  r e p u ls io n s  in  compounds 

such  a s  h y d raz in e  a re  n e g le c te d  and t h e i r  c a lc u la te d  /A . v a lu e s  

a r e  to o  n e g a tiv e . T h e re fo re  MNDO and AMI c a lc u la t io n s  were used 

in  t h i s  work.

The c a lc u la t io n s  used v/ere c a r r ie d  o u t by u sing  s ta n d a rd  

MNDO and AMI p ro ced u res  a s  implemented in  th e  MOPAC and AMPAC 

program s (a v a l ia b le  from th e  Quantum C hem istry Program Exchange 

(QCPE) ) u s in g  th e  VAX F PS-164 system  a t  Im p eria l C ollege and th e
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Cray machine a t  U.L.C.C. ( fo r  d e t a i l s  on m echanics o f c a lc u la t io n

se e  Appendix I I ) .  T ra n s i t io n  s t a t e s  were lo c a te d  approx im ate ly  by

G rid  c a lc u la t io n  o f  sim ple  system s. Refinem ent was ach ieved  by

m in im iz a t io n  o f  th e  norm o f  g r a d i e n t ,  and c h a r a c t e r i z e d  by
129

c a lc u la t in g  fo rc e  c o n s ta n ts  (H essian) m a tr ix .
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APPENDIX I I  

PROCEDURE FOR M.O CALCULATIONS 

Keywords in  AMPAC PROGRAM 

1 SCF- one s e l f  c o n s is t e n t  f i e l d  c a lc u la t io n ;  used  when a s in g le  

geom etry i s  to  be s tu d ie d ,  u s u a l ly  to  t e s t  Z -m a trix .

AMI- A u s tin  Model 1; Dewar new re p a ra m e te r iz e d  method o f  MNDO.

Bond- F in a l  bond o r d e r  m a tr ix  to  be p r in te d .
+

Charge = n -  Charge on system  = n ( e .g .  NH  ̂ = charge  = 1 ) .

D e n s ity -  F in a l  d e n s i ty  m a tr ix  to  be p r in te d .

E .S .R - RHF u n p a ire d  s p in  d e n s i ty  to  be c a lc u la te d .

E x c ite d -  F i r s t  e x c i te d  s i n g l e t  to  be c a lc u la te d .

FORCE- Force c a lc u la t io n  s p e c i f ie d .

GEO-OK- O v errid e  in te ra to m ic  d is ta n c e s  check .

MINDO/3- The MINDO/3 h a m ilto n ia n  to  be u sed .

NLLSO- SCF o p tim iz in g  g r a d ie n t  fu n c t io n  f o r  lo c a t in g  

t r a n s i t i o n  s t a t e .

PRECISE- C r i t e r i a  t o  be in c re a se d  by 100 tim e s .

PULAY- PULAY's o p tim iz in g  fu n c t io n  to  be used in  SCF

c a lc u la t io n .

SADDLE- T r a n s i t io n  s t a t e  in  a s im ple  chem ical r e a c t io n  i s  to  

be o p tim iz e d . A f te r  th e  f i r s t  geom etry  s p e c ify in g  

th e  r e a c ta n t ,  and any symmetry fu n c t io n s  have been 

d e f in e d , th e  second geom etry s p e c ify in g  th e  p ro d u c ts  

i s  d e fin e d  u s in g  th e  same fo rm at a s  t h a t  o f  th e  f i r s t  

geom etry . Can o n ly  be used in  o a ses  such a s  Eq. 11

113



in  which one bond i s  formed a s  one i s  broken e .g .  

H -m ig ra tio n .

Y  . VCH,—CHj ---- ► CH-CH,
T .S .

. CHj— CHj

Eg. 11

STEPl = n -  S tep  s iz e  f o r  f i r s t  c o -o rd in a te  in  GRID c a lc u la t io n .  

STEP2 = n -  S tep  s i z e  f o r  second c o -o r d in a te  in  GRID c a lc u la t io n ,  

SYMMETRY- Symmetry c o n d it io n s  to  be im posed.

T = nnn- Time o f  nnn seconds re q u e s te d  (n o te  space  ! ) .

THERMO- A therm odynam ic c a lc u la t io n  i s  t o  be perfo rm ed . 

TRIPLET- T r ip l e t  s t a t e  r e q u ir e d .

UHF- U n r e s tr ic te d  H a rtree -F o ck  c a lc u la t io n ,  RHF 

c a lc u la t io n  i s  d e f a u l t  o f  no UHF keyword.
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Data f i l e  f o r  AMPAC jo b s  on VAX FPS-164 a t  I m p e r ia l  c o l l e g e .

Line 1 l i n e  o f  keywords
Line 2 f i r s t  t i t l e  l in e
Line 3 second t i t l e  l in e
L ine 4 + n gecxnetric  d a ta  n = 0 , 1, 2,
L ine 4 + (n + 1) symmetry d a ta ,  i f  re q u ire d
L ine 4 + (n + 3) r e a c t io n  c o -o rd in a te  d a ta ,  i f  re q u ire d
OR Line 4 + (n + 3) second s e t  o f  geom etry  d a ta ,  i f  re q u ire d

S e c o n d  s e t  o f  g e o m e try  d a t a  i s  u se d  in  s a d d le  p o i n t  

c a lc u la t io n s  (p re s e n t  in  p la c e  o f  r e a c t io n  c o -o rd in a te  d a ta ) .  

R e a c t io n  c o - o r d i n a t e  and  s a d d le  p o i n t  o p t io n s  a r e  m u tu a l ly  

e x c lu s iv e .  I f  no symmetry d a ta  r e q u ire d  r e a c t io n  c o -o rd in a te  

f o l lo w s  f i r s t  g eo m etric  d a ta  (as  l i n e  4 + (n + 1) ) . O rder o f  

keywords a re  not iirpo rtan t, but abbrev iations should be avoided.

G eo m etrica l s p e c i f i c a t i o n s  (2 -m a tr ix )  -  in p u t

The geom etry  can be d e fin e d  in  term s o f  e i t h e r  in te r n a l  o r  

c a r t e s i a n  c o -o r d in a te s  ( in t e r n a l  c o -o r d in a te s  p r e f e r r e d ) .

I n te r n a l  c o -o rd in a te s

F o r any  one  a tom  ( i )  t h i s  c o n s i s t s  o f  an  i n t e r a t o m i c  

d i s t a n c e  in  a n g s tro m s  from  an  a l r e a d y - d e f i n e d  atom  ( j ) ,  an  

in te ra to m ic  a n g le  in  d e g re e s  betw een atom i  and j  and an a lr e a d y  

d e f in e d  atom ( k ) ,  (k and j  m ust be d i f f e r e n t  a to m s), and f i n a l l y  

a t o r s io n a l  a n g le  in  d e g re e s  betw een atom i ,  j ,  k and an a lr e a d y  

d e f in e d  atom 1 (1 can n o t be th e  same a s  k o r  j ) .

Atom 1 has no c o -o rd in a te s  a t  a l l  and i s  r e f e r r e d  to  a s
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th e  o r ig in .  Atom 2 m ust be connected  to  atom 1 by an in te ra to m ic  

d i s ta n c e  o n ly . Atom 3 can be connected  to  atom  1 o r  2 , and must 

make and  a n g le  w i th  a tom  2 o r  1 ( th u s  3 -2 -1  o r  3 -1 -2  ) ;  no 

d ih e d r a l  i s  p o s s ib le  f o r  atom 3. By d e f a u l t ,  atom 3 i s  connected  

to  atom  2.

C o n s t ra in ts

( i )  I n te r a t o m i c  d i s t a n c e s  m ust be g r e a t e r  th a n  z e r o .  Z ero  

A n g s tro m s i s  n o t  a c c e p t a b l e .  The o n ly  e x c e p t io n  i s  i f  th e  

p a ra m e te r  i s  sy m m e try -re la te d  to  a n o th e r  atom , and i s  th e  

dependan t fu n c t io n .

( i i )  A ngles m ust be p o s i t i v e .  T h is  c o n s t r a in t  i s  f o r  th e  b e n e f i t  

o f  th e  u s e r  o n ly  a s  n e g a tiv e  a n g le s  a re  th e  r e s u l t  o f  e r r o r s  in  

th e  c o n s tru c t io n  o f  th e  geom etry .

( i i i )  D ih ed ra l a n g le s  can no rm ally  o n ly  assume d e f in a b le  a n g le s . 

I f  atom  i  makes a d ih e d r a l  w ith  j ,  k , and 1 and th e  th re e  atoms 

j ,  k , and 1 a r e  in  a s t r a i g h t  l i n e ,  th e n  th e  d ih e d ra l  has no 

d e f i n a b l e  a n g le .  D u rin g  th e  c a l c u l a t i o n  t h i s  c o n s t r a i n t  i s  

checked c o n tin u o u s ly , and i f  atom j ,  k , and 1 l i e  w ith in  0 .1  

Angstrom s o f  a s t r a i g h t  l i n e  th e  c a lc u la t io n  w i l l  o u tp u t an e r r o r  

m essa g e  and  th e n  s t o p .  In  su c h  c a s e s  dummy a terns c a n  be 

in c o rp o ra te d  to  r e l i e v e  t h i s  s i t u a t i o n .  Dummy a terns (99 o r  XX) 

a r e  u se d  in  t h e  d e f i n i t i o n  o f  th e  g e o m e try  and a r e  d e l e t e d  

a u to m a tic a l ly  from any c a r t e s i a n  c o -o rd in a te  geom etry f i l e s .  

Dummy atoms a re  p u re ly  m ath em atica l p o in ts .

Z -m a tric e s  a re  used a s  in p u t d a ta  f i l e s  in to  AMPAC sytem , 

each  i n te r n a l  c o -o rd in a te  i s  fo llow ed  by an in te g e r ,  to  in d ic a te
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a c t io n  to  be tak e n .

No 1 means to  o p tim iz e  th e  in te r n a l  c o -o r d in a te ;

No 0 means do n o t o p tim iz e  th e  in te r n a l  c o -o rd in a te ;

No -1  means r e a c t io n  c o -o rd in a te  o r  g r id  index .

Only one r e a c t io n  c o -o rd in a te  i s  a llow ed  in  a d a ta  f i l e ,  b u t 

t h i s  can be made more v e r s a t i l e  by th e  use  o f  symmetry. The 

v a lu e s  o f  th e  r e a c t io n  c o -o rd in a te  sh o u ld  be fo llow ed im m ediately  

a f t e r  th e  geom etry  d a ta  and any symmetry d a ta  (A fte r  geom etry 

d a ta  i f  no symmetry d a ta  p r e s e n t ) .  In AMPAC system  f re e - fo rm a t  

ty p e  in p u t i s  a c c e p ta b le .

I f  two r e a c t io n  c o -o rd in a te  a re  r e q u i r e d ,  th en  AMPAC assum es 

t h a t  th e  tw o -d im ensiona l space  in  th e  re g io n  o f  th e  su p p lie d  

geom etry  i s  to  be mapped. The tw o-d im ensions to  be mapped a re  in  

th e  p lan e  d e f in e d  by th e  (-1 )  l a b e l s .  S tep  s iz e s  in  th e  two

d i r e c t io n s  a re  s u p p lie d  by u s in g  STEP 1 and STEP 2 on th e  keyword

l i n e  (G rid c a lc u l a t i o n ) .  An 11 by 11 g r id  d a ta  p o in t  o u tp u t f i l e  

r e s u l t s  from th e s e  c a lc u la t io n s ,  th e  c e n t r a l  d a ta  p o in t  in  th e  

g r id  being  th e  i n i t i a l  d a ta  p o in t  in  th e  Z -m atrix .

An example below (150) e x p la in s  th e  Z -m atrix  more c l e a r l y ,  

in c lu d in g  most keyw ords.

(150)
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In p u t  d a ta  f i l e  (Z -m a tr ix )  f o r  ( 1 5 0 ) .

AMI UHF BONDS SYMMETRY 
NITRIC OXIDE 
VARIATION OF ANGLE 0 
XX 1.00 
XX 1.00  0
N 1 .00  0 90 0
O 1 .22  1 90 -1  0 1 3 2 1
H 1.08  1 90 1 90 0 3 2 1
H 1.08 0 90 0 -90  0 3 2 1

5 1 6  
5 2 6

100 120 140 160 180 200 220 240 260 280 300

NB. 5 1 6  means t h a t  bond le n g th  betw een 5 and 3, and 6 and 3 

a re  e q u a l.

5 2 6 means bond a n g le  betw een 5, 3 and 2, and 6 , 3, and 2 

a r e  e q u a l.

Z -m atrix  f o r  (1 3 5 i) .

AMI
NITRONECYCLCADDUCT
USED IN GRID CALCULATIONS
H
N 1.01 1
C 1.47 1 109.00 1
H 1.12 1 110.00 1 15.00 1 3 2 1
H 1.12 1 110.00 1 175.00 1 3 2 1
C 1.53 1 105.00 1 -1 0 5 .0 0 1 3 2 1
C 1.53 1 105.00 1 -2 5 .0 0 1 6 3 2
0 1.45 1 105.00 1 0 .00 1 7 6 3
H 1,12 1 110.00 1 100.00 1 6 3 2
H 1.12 1 110.00 1 -1 5 0 .0 0 1 6 3 2
H 1.12 1 110.00 1 100.00 1 7 6 3
H 1.12 1 110.00 1 -1 0 0 .0 0 1 7 6 3
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z-M a trix  f o r  g r id  c a lc u la t io n  o f  (1351)

AMI STEPl=0.20 STEP2=0.20 T=300M GEO-OK 
AMI NITRONE/ETHENE REACTION 
GRID EXAMPLE 
H
N 1.018 1
C 1.363 1 116.11 1
H 1.100 1 118.33 1 18.35 1 3 2 1
H 1.103 1 117.44 1 168.7 1 3 2 1
C 2.100 -1 96.17 1 -9 8 .3 1 3 2 1
C 1.370 1 101.16 1 -2 5 .0 1 6 3 2
0 2.000 -1 102.29 1 3 .7 1 7 6 3
H 1.098 I 95.24 1 97 .7 1 6 3 2
H 1.098 1 95; 24 1 -1 4 6 .8 1 6 3 2
H 1.098 1 121.54 1 100.6 1 7 6 3
H 1.098 1 121.54 1 -9 2 .6 1 7 6 3

Z -M atrix  f o r  lo c a t in g  t r a n s i t i o n  s t a t e  o f  (1351)

' c h 4 „
H

AMI T=240M NLLSO FORCE 
AMI NITRONE/ETHENE REACTION 
LOCATING TRANSITION STATE 
H
N 1.018 1
C 1.363 1 116.11 1
H 1.100 1 118.33 1 8 .35 1 3 2 1
H 1.103 1 117.44 1 168.74 1 3 2 1
C 2.100 1 96.17 1 -9 8 .3 3 1 3 2 1
C 1.378 1 101.16 1 -2 5 .0 4 1 6 3 2
0 2.000 1 102.29 1 3.74 1 7 6 3
H 1.098 1 95.24 1 97 .73 1 6 3 2
H 1.098 1 92.68 1 146.80 1 6 3 2
H 1.098 1 121.54 1 100.65 1 7 6 3
H 1.098 1 121.41 1 -9 2 .6 6 1 7 6 3
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Notes

A g r i d  (F ig .  26) o f  11 by 11 p o in t s  i s  p r in t e d  o u t  a t  the  

end o f  c a l c u l a t i o n  in  a SENDIC.CAT f i l e  in  which case  the  f i l e  

i s  e d i t e d  and g r i d  a c t  a s  a d a ta  f i l e  f o r  th e  co n to u r  package. 

An a l t e r n a t i v e  i s  t h a t  a SENDIC.CAT f i l e  i s  i n i t i a t e d  in which 

c a s e ,  th e  d a ta  f i l e  i s  read y  a s  in p u t  f i l e  f o r  con tou r  drawing 

package u s in g  the  Cyber 855 computer a t  Im p e r ia l  C o l leg e .

STEP 2

STEP 1

F ig .  26

A pproxim ate  t r a n s i t i o n  s t a t e s  a r e  lo c a te d  by in s p e c t io n  o f  

t h e  g l o b a l  energy  s u r f a c e  in  term s o f  v a lu e  o f  and R^ (see  

c a l c u l a t i o n  Z - m a t r i x ) .  T hese  a r e  u s e d  a s  v a l u e s  in  a new 

Z -m a tr ix  (see  t r a n s i t i o n  s t a t e  Z - m a t r ix ) ; t h e s e  v a lu e s  a re  th en  

r e f i n e d  and a l l  o t h e r  bond le n g th s  and a n g le s  a r e  o p t im iz e d .  

The c a l c u l a t i o n  o f  f o rc e  c o n s ta n t  m a t r ix  l o c a t e s  a t r a n s i t i o n  

s t a t e  (no t n e c e s s a r i l y  th e  g l o b a l  T . S . ) ,  b u t  g l o b a l  T .S . can be 

l o c a t e d  by ju d i c io u s  ch o ic e  o f  i n i t i a l  R̂  and R^. When th e  

f o r c e  m a t r ix  i s  d i a g o n a l i z e d ,  a T .S . i s  lo c a te d  i f  and o n ly  i f  

o n e  c a r t e s i a n  c o - o r d in a t e  i s  n e g a t iv e  ( i f  more than  one , the  

s t a t i o n a r y  p o in t  i s  n o t  a T .S .  bu t r a t h e r  an i n te r m e d ia t e ) .
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In p u t  d a t a  f i l e  f o r  Cray MOPAC s y s t e m

In the  MOKVC system f ree -fo n ra t  typo input i s  unacceptable,

d a ta  must be inpu ted  in  fo rm at.

A ty p ic a l  example i s  shown be low :-

JOB, USKJHCAOl6 , JN=MALEII1 ,MFL=300000,T=100.
ACCESS, DN=MNDO,ID=KZCCHEM.
MNDO 
/EOF 
MNDO C o l. 22 / ^ C o l .  33-34

(charge)

99 ( m u l t i p l i c i t y )
99 . 4
1 1.10 0 J .  Col. 12
7 1.21 1 90.00 0 21
6 1.47 1 120.00  1 0.00 0 3 2 1
8 1.20 1 120.00  1 0.00 1 4 3 2
6 1 .44 1 120.00  1 180.00 1 4 3 2
6 1 .36 1 120.00  1 180.00 1 6 4 5
6 1.44 1 120.00  1 0.00 1 7 6 4
8 1.20 1 120.00  1 10.00 1 8 3 2
1 1.10 1 120.00  1 180.00 1 6 4 3
1 1.10 1 120.00  1 180.00 1 7 6 4
0 0 0 0 0 0 0 0 0 0-
99
/EOF ^ 1 0 z e ro  '' s t o  com plete

Data  f i l e s  f o r  r e a c t i o n  c o - o r d in a t e s  can be done u s in g  

MOPAC system s and g e n e ra l  in fo rm a t io n  i s  a v a l i a b l e  from ULCC 

b o o k le t .

NB. Dummy atoms in  MOPAC on c ra y  computer i s  r e p re s e n te d  a s  99.
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o p e r a t in g  i n s t r u c t i o n s
■the

The keywords f o r  com puta tion  on Cray computer i s  shown
X

b e lo w .  F i l e n a m e s  a r e  w r i t t e n  in  t h e  fo rm ;  FILENAME.Cry;n.

SENDIC /TARGETCRAY /STYLE=FILE

On com ple tion  o f  c om pu ta tion , o u tp u t  f i l e s  a r e  r e tu r n e d  

from th e  Cray a s  an ULCC.JIMP.LOG;n f i l e .  O utput f i l e s  in  MOPAC 

sys tem  c o n ta in  c a l c u l a t i o n  o f  e ig e n v e c to r s  (energy  o f  e l e c t r o n i c  

l e v e l s ) ,  o r b i t a l  c o - e f f i c i e n t s ,  a tom ic  c h a rg e s ,  and o p tim ized  

g e o m e tr ie s  ( i . e .  i n t e r n a l  and c a r t e s i a n  c o - o r d i n a t e s ) .

MOPAC system  does  n o t  c o n ta in  th e  AMI h a m il to n ia n  o p t io n ,  

g r i d  c a l c u l a t i o n s ,  c a l c u l a t i o n  o f  thermodynamic q u a n t i t i e s  and 

f o r c e  c o n s ta n t  r e q u i r e d  f o r  a c c u r a te  l o c a t i o n  o f  t r a n s i t i o n  

s t a t e s  ( th e s e  a r e  a v a l i a b l e  in  AMPAC sy s te m ) .
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C h ap te r  6 

E xperim enta l

( i )  I n f r a - r e d  (IR) s p e c t r a  were reco rded  on a Perk in -E lm er FT 

1710 f o u r i e r  t r a n s f o r m  s p e c t r o m e t e r .  S am p les  w ere  exam ined  

between sodium c h lo r i d e  p l a t e s  e i t h e r  a s  n u jo l  ( s o l id )  o r  a s  n e a t  

f i lm s  ( l i q u i d s ) .

( i i )  P ro ton  m agnetic  resonance  ( ^ H -n .m .r . ) s p e c t r a

The ^H -n.m .r. s p e c t r a  f o r  most sample were reco rded  on a 

J e o l  FX 900 (90MHz) n .m . r .  s p e c t ro m e te r .  F re q u en t ly  samples were 

a l s o  reco rded  on a H i ta c h i  Perk in -E lm er  R-24 (60MHz) h igh

r e s o l u t i o n  n . m . r .  s p e c t r o m e t e r  o r  on a 200MHz N i c o l e t  NT200 

In s t ru m e n t  Model. I n f r e q u e n t ly  sa irp les  were reco rded  on a  Bruker 

WH 400 p u l s e  FT n .m .r .  s p e c t ro m e te r .

D e u t e r i o c h l o r o f o r m  (CDCl^) s o l u t i o n s  w ere  doped  w i t h  

t e t r a m e t h y l s i l a n e  (IMS) t o  p ro v id e  an i n t e r n a l  s ta n d a rd  and th e  

chem ica l  s h i f t s  a r e  e x p re s s e d  a s  - p a r t s  p e r  m i l l i o n  from t h i s  

s ta n d a r d .

( i i i )  Carbon n u c le a r  m agne tic  resonance  ( ^ ^ C -n .m .r . )

The ^ ^ C - n .m . r .  s p e c t r a  w ere  r e c o r d e d  on a J e o l  FX 90Q 

(90MHz) and N ic o le t  NT200 (200MHz) n .m . r .  s p e c t ro m e te r s .  CDCl^ 

and IMS were used a s  a s o lv e n t  and s ta n d a rd  r e s p e c t i v e ly .

( iv )  ^H/^^C- 2D c o r r e l a t i o n  and A ttached  P ro ton  T e s t  experim en ts  

were reco rded  on a B ruker AM 400 (400MHz) by Dr. C. Szan tay  a t  

th e  Chem istry  d e p t . .  U n iv e r s i ty  o f  Leeds.

(v) E le c t ro n  s p in  reso n an ce  ( e . s . r . ) s p e c t r a

E le c t ro n  s p in  resonance  s p e c t r a  were recorded  on a V arian
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E-4 e . s . r .  s p e c t ro m e te r  o p e ra t in g  a t  a frequency  o f  approx im ate ly  

8 .98  GHz (x -band ):  resonance  a b s o rp t io n s  were c e n t r e d  a t  m agnetic  

f i e l d  s t r e n g th s  o f  3270 Gauss (G). M odulation a n p l i tu d e s  and 

scan  t im es  were v a r i e d  t o  o b t a in  maximum r e s o l u t i o n .

S p e c tra  were rec o rd e d  u s in g  q u a r tz  tu b e s  o f  3 mm d ia m e te r .  

S o lu t io n s  were c a r e f u l l y  deoxygenated by bubbling  w ith  a 

c a p i l l a r y  flow  o f  o x y g e n -f ree  n i t r o g e n  f o r  ca .  3 m inu tes  

i m m e d ia te ly  p r i o r  t o  e . s . r .  e x a m i n a t i o n .  Sam ple t u b e s  w ere  

s e a l e d  w ith  g as  t i g h t  push-on  caps  t o  p e rm it  pro longed  s p e c t r a l  

runn ing  t im e.

H y p e r f i n e  c o u p l i n g  c o n s t a n t s  w ere  d e te r m in e d  from  t h e  

reco rd ed  d e r i v a t i v e  s p e c t r a  and a re  quo ted  in  u n i t s  o f  Gauss. 

The v a lu e s  were c o r r e c te d  by a f a c t o r  o f  0 .977  f o r  a f i e l d  scan  

e r r o r  on th e  p a r t i c u l a r  s p e c t ro m e te r  used .

( v i )  M e l t in g -p o in ts

M elting  p o i n t s  ( m p t . ) were de te rm ined  in  open c a p i l l a r y  

tu b e s  u s in g  an E le c t ro th e rm a l  m e l t i n g - p o in t  a p p a ra tu s  w i th  range 

s e l e c t i o n  g u id e .  A l l  v a lu e s  a r e  u n c o r r e c te d .

( v i i )  C lean ing  o f  g la s s w a re

A l l  g la s sw a re  f o r  e . s . r .  s p e c t ro sc o p y ,  n .m .r .  sp e c tro sc o p y  

and l i q u i d  c h ro m o ta g r a p h y  was c l e a n e d  w i t h  c h ro m ic  a c i d  a s  

fo l lo w s :  th e  g la s s w a re  was immersed in  chromic a c id  and allowed 

t o  soak o v e rn ig h t .  A f t e r  removal o f  chromic a c id  and washing 

w i th  d i s t i l l e d  w a te r ,  th e  g la s sw a re  was soaked in  2M H^SO^. The 

g la s sw a re  was th en  th o ro u g h ly  washed w ith  d i s t i l l e d  w a te r  and 

a llow ed to  a i r  d ry  in  oven.
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( v i i i )  E lem ental a n a l y s i s

Elem ental a n a ly s e s  were c a r r i e d  o u t  by Mrs. L. W hitaker in 

t h e  c h e m is try  d e p a r tm e n t .  A l l  a n a l y i c a l  samples were d r i e d  in  

th e  p re se n c e  o f  P2^5 vacuo .

( ix )  Chromatography

T h in - l a y e r  chrom atography was done u s in g  pre-made Merck 

s i l i c a  g e l  ^̂ 2̂54 60) p l a t e s .  The th ic k n e s s  o f  th e  o r d in a r y

t . l . c .  p l a t e s  was 0 .25  mm. P r e p a r a t i v e  t h ic k  l a y e r

chrcm atography p l a t e s  were p rep a re d  u s in g  Merck s i l i c a  g e l  

( t y p e  6 0 ) .  The t h i c k n e s s  o f  t h e  p .  t . l . c .  p l a t e s  was 1 mm. 

U nless  o th e rw is e  s t a t e d ,  a i r  d r i e d  p l a t e s  were developed  w i th  

e t h y l  a c e t a t e / p e t .  e t h e r  40-60 25 : 75 and v i s u a l i z e d  benea th  a 

UV lamp a n d /o r  io d in e  s t a i n i n g .  K ie s e lg e r  60 (mesh 230-400 mesh 

ASTM) was used f o r  f l a s h  chrom atography.
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Experim en ts

1. P rep a ra tio n  of 0-6enzoyl-N -t-Lx;ty] hydroxyl amino

O
r, t t II
Bu NH; — Bu NHOCPh

O-Ronzoyl-N-t-huty.1 hydoxylamine was p rep a re d  from commercial

t -b u ty la m in e  by th e  r e a c t i o n  w ith  d ry  d ibenzoy l p e rox ide

72a c co rd in g  t o  a m o d i f ic a t io n  o f  Z i n n e r 's  method.

(a) Dibenzoyl p e ro x id e

C om m erc ia l  d i b e n z o y l  p e r o x i d e  ( p a s t e  w i t h  30% w a t e r  by 

w e ig h t)  (30 gms, 0 .12  mole) in  c h lo ro fo rm  (200 cm^) was added 

s low ly  and w ith  s t i r r i n g  i n to  e x c e s s  methanol (300 cm^). The

p r e c i p i t a t e ,  d ib en z o y l  p e ro x id e  f re e d  from w a te r ,  was f i l t e r e d

and d r i e d  in  a i r  (19 .5  gms, 0 .08  m ole ) .

(b) F re sh ly  d i s t i l l e d  t -b u ty la m in e  (16 .5  'gms, 0 .158 mole) was 

a d d ed  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  f r e s h l y  r e c r y s t a l l i z e d  

d ib en z o y l  p e ro x id e  (17 .3  gms, 0 .07  mole) in  sodium d r i e d  benzene 

(150 cm ^). The r e a c t i o n  was s t i r r e d  f o r  one  h o u r  a t  40°C. 

A d d i t io n a l  t -b u ty la m in e  (12 .5  cm f 0 .12  mole) was th en  added and 

s t i r r i n g  c o n tin u e d  f o r  48 hours  a t  40^C. Chloroform  (100 cm^) 

was added t o  coo led  r e a c t i o n  m ix tu re  and th e  p r e c i p i t a t e d  amine
3

s a l t  was f i l t e r e d  and washed w ith  c h lo ro fo rm  (2 x 50 cm ). The

f i l t r a t e  was washed w ith  a c i d i c  i r o n ( I I ) s u l p h a t e  s o l u t i o n  (60 .0

3 3gm s/ FeS0^.7H20, 110 cm /  H^O, 6 cm /  B^SO^). The o rg a n ic  l a y e r  

was d r i e d  (f-lgSO^), f i l t e r e d ,  and e v a p o ra te d  to  g iv e  an amber o i l  

(8 .63  gms, 64% biased on d i  benzoyl p e r o x id e ) .

IR (V c m " \  n e a t ) :  3225 (N-H s t r . ) ,  3 0 9 1 -3 0 2 5  (C-H a r o m a t i c  

s t r . ) ,  1719 (CO s t r . ) ,  1602 (C=C s t r . ) .
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nmr (5 ppm, CCCl^): 1 .21 ( s ,  911, Bu" ) ,  7 . 3 - 0 . 2  (m, 511, Ar-l!)

2. P r e p a r a t io n  o f  N -4 -n i t ro b e n z o y l-N -t -b u ty l-Q -b e n z o y lh y d ro x y l-  

amine.

BuNHOCOPh — ^  R.f
^OCOPh

To a s t i r r e d  s o l u t i o n  o f  c rude  0 -b e n z o y l -N - t - b u ty lh y d ro x y l -  

am ine  ( 4 .0  gms, 0 .0 2 1  m o le )  ( f ro m  e x p t .  1) in  sod ium  d r i e d  

benzene (50 cm^) was added sodium hyd rox ide  d r i e d  p y r id in e  (1 .66  

gms, 0 .021 mole) and 4 -n i t ro b o n z o y l  c h lo r i d e  (3 .93 gms, 0 .021 

m o le ) .  A s l i g h t  p r e c i p i t a t e  o f  p y r id in iu m  h y d ro c h lo r id e  

r e s u l t e d .  The m ix tu re  was r e f lu x e d  f o r  8 hours  coo led  and poured 

i n t o  2M HCl (150 cm^). The s o l u t i o n  was e x t r a c t e d  w ith

c h lo ro fo rm  (250 cm^). The o rg a n ic  phase  was washed w ith  2M HCl 

(2 X 50 cm^), th en  w a te r  (2 x 50 cm^), then  d r i e d  (MgSO^) and 

f i l t e r e d .  E vapo ra t ion  o f  s o lv e n t  by r o t a r y  e v a p o ra t io n  y ie ld e d  a 

w h i te  c r y s t a l l i n e  p ro d u c t .  R e c r y s t a l l i z a t i o n  from CH^Cl^/hexane 

gave th e  t i t l e  compound a s  c o lo u r l e s s  c r y s t a l s  (4 .52 gms, 62%), 

mpt. 98-100°C ( l i t .  m p t.^^  98-99^C).

IR ( v  c m " \  n u j o l ) :  1760 (OCO C=0 s t r . ) ,  1640 (NCO C=0 s t r . ) ,  

1605 and 1580 (C=C s t r . ) .

^H-nmr (6  ppm, CDCK): 1 .6  ( s ,  9H, Bu^), 7 . 2 - 7 .9  (m, 9H, Ar-H).
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3. P rep a ra tio n  o f N -t-buty]-4-nitrot>?nzohy(jroxam ic acid

, /  XX M / O "

B u n ;  ^  - \ 0 j
^OCOPh

H ydrazine h y d ra te  (5 .79  gms, 0 .10  mole, 7 .5  m o l .e q u iv .)  was 

added t o  a s t i r r e d  s o l u t i o n  o f  O -b e n z o y l - N - t - b u ty l - 4 -n i t r o b e n z o -

hydroxamic a c id  (from e x p t .  2) (4 .52  gms, 0 .13  mole) in  a b s o lu te

3 oe th a n o l  (30 cm ). The r e a c t i o n  m ix tu re  was s t i r r e d  a t  40 C f o r

1 1/2  h o u rs ,  coo led  and poured on to  i c e / w a te r  (200 cm^). Then 

p u t  in  f r i d g e  f o r  two ho u rs .  The r e s u l t i n g  s o l i d  was f i l t e r e d  

o f f  and d r i e d  in  a d e s i c c a t o r  o v e r  NaOH p e l l e t s .  R e c r y s t a l l i ­

z a t i o n  from CH^Cl^/bexane gave th e  t i t l e  compound a s  n e e d le s  

(2 .14  gms, 0 .009  m o le ) ,  mpt. 113-114°C ( l i t .  m p t.^^  113°C).

IR (v cm n u j o l ) :  3548-2545 b r .  (3150 max. OH s t r . ) ,  1620 (max. 

0=0 s t r . )

^H-nmr (6 ppm, CDCI3 ) : 1 .32  ( s ,  9H, Bu^), 7 .1 - 7 .4  (m, 5H, Ar-H).

4. P r e p a r a t io n  o f  1 -ad am an taneca rboxy lic  a c id  c h lo r id e

n n
AdC —OH —^ AdC —Cl

To a s t i r r e d  s u sp en s io n  o f  I - C(Xf b

(14 .6  gms, 0 .115 mole) in  sodium d r ie d  to lu e n e  (20

cm^) was added d ropw ise  t o  a s o l u t i o n  o f   ̂ ■'

(10 gms, 0 ,056  mole) in  to lu e n e  (50 cm?). ‘̂Jhen
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t h e  i n i t i a l  v i o l e t  r e a c t i o n  had su b s id ed  th e  m ix ture  was r c f lu x e d

f o r  4 l i o u r s . A f t e r  c o o l i n g ,  t h e  s o l v e n t  and e x c e s s  o x a l y l

c h lo r i d e  were removed under reduced p r e s s u r e  to  g iv e  a w h i te

c r y s t a l l i n e  p ro d u c t .  R e c r y s t a l l i z a t i o n  from sodium d r i e d  o t h e r

gave c o lo u r l e s s  c r y s t a l s  (10 .3  gms, 93%), mpt. 49-51°C ( l i t .

m p t . ,^ ^ ^  A ld r ic h  48°C).
-1

IR ( V cm , n u j o l ) :  1780 (max. C=0 s t r . ) .

5. P r e p a r a t io n  o f  N -m ethy l-N -( l-adam an tanecarbony l)hyd roxy la m in e .

N H /O H
A dC —Cl — ^  A dC —N

To a s u s p e n s i o n  o f  N - m e th y lh y d ro x y la m in e  h y d r o c h l o r i d e
3

(A ld r ic h ,  4 .176 gms, 0 .5  mole) in  CH^Cl^ (100 cm , p r e t r e a t e d

w i th  anhydrous K^CO^ t o  remove a c i d i c  i m p u r i t i e s ) ,  was added

po tass iu m  c a rb o n a te  (6 .90  gms, 0 .05  m ole) .

The m ix tu re  was s t i r r e d  a t  room tem p e ra tu re  f o r  20 m ins. To

t h i s  s o l u t i o n  was then  added 1-ad am an ta n e ca rb o x y lic  a c id  c h lo r i d e

(from e x p t .  4) (9 .94  gms, 0 .05  mole) in  m ethylene  c h lo r id e  (50

cm^), d ropw ise  o v e r  a p e r io d  o f  15 m ins. The r e a c t i o n  m ix tu re

was f u r t h e r  s t i r r e d  f o r  t h r e e  h o u r s  a t  room t e m p e r a t u r e  and

fo llow ed  by t . l . c . .  The in o rg a n ic  r e s id u e  was s e p a ra te d  and

3w ashed  w i t h  CB2C I 2 (10  cm ) and  th e  com bined  o r g a n i c  l a y e r  

( e t h e r ,  m ethylene c h lo r i d e )  was washed w ith  2M HCl (4 x 50 cm^)

and w a te r  (10 cm^) and d r i e d  o v e r  Na2^ ^ 4 * (Removal o f  th e  s o lv e n t
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u n d e r- red u c e d  p r e s s u r e  r e s u l t e d  in an o i l  (8.00  <jms) which, when 

c h i l l e d  w ith  he x a n e /a ce to n e  -  CO^ ic e  b a th )  gave d e s i r e d  

hydroxamic a c id .  R e c r y s t a l l i z a t i o n  from hexane/C[l2C l2 gave a 

w h i te  c r y s t a l l i n e  s o l i d  (6 .45  gms, 66%), mpt. 134-136^C ( l i t .  

mpt.^"^ 139°C).

m  (V cm“ ^ ,n u j o l ) :  3225-3075 b r .  (OH s t r . ) ,  1582 (C=0 s t r . )

^H-nmr ( 6  ppm, CDCl^): 1 .6 0 -1 .9 5  (two s ,  15H, 1-adamantyl ) ,  3 .4  

( s ,  3H, -N-CH^)/ 9 .1  ( b r . s ,  HI, N-OH).

E lem enta l  a n a l y s i s : Found C, 6 8 .7 ;  H, 9 .3 ;  N, 6.7%. ^g2^19^^2

r e q u i r e s  C, 6 8 .9 ;  H, 9 .2 ;  N, 6.7%.

6 . P r e p a r a t i o n  o f  N-methy1-N -p iva lo y lh y d ro x y la m in e .

tH .in
BuC—Cl — BuC—N

The t i t l e  compound was p rep a re d  u s in g  a p ro ced u re  s i m i l a r  t o  

th e  p r e p a r a t i o n  o f  N -m ethy l-N -( 1-ad am an ta n e ca rb o n y l)h y d ro x y l-  

amine (e x p t .  5 ) .  The c ru d e  r e a c t i o n  p ro d u c t  was p u r i f i e d  by 

column chrom atography (SiO^, e t h y l  a c e ta te /m e th y le n e  c h lo r i d e  

50 : 50) t o  g iv e  c o l o u r l e s s  c r y s t a l l i n e  s o l i d ,  (1.02  gms, 16%), 

mpt. 67-68°C ( l i t .  m pt.^^  67-68^C).

IR (\) cm \  n u j o l ) :  3100max.( OH s t r . ) ,  1620 (C O  s t r . )

^H-nmr (6 ppm,CiX:i^): 0 .6  ( s ,  9H, Bu^), 1 .65 ( s ,  3H, N-CH^), 

4 .55  ( s ,  IH, N-OH).

E lem enta l  a n a l y s i s : Found C, 54 .96 ;  H, 9 .9 2 ;  N, 10.68%. ^^H^^NO^

r e q u i r e s  C, 54 .97 ; H, 10 .09 ; N, 10.64%.
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7. P rep a ra tio n  o f m a le a n ilic  a c id .

3
Reagent g rad e  a n i l i n e  (36 .4  cm , 0 .391 mole) in  d i e t h y l

e t h e r  (200 cm^) was added in  a l i q u o t s  t o  a s t i r r e d  s o l u t i o n  o f

m a le ic  an h y d rid e  (39 .2  gms, 0 .400 mole) in  d i e t h y l  e t h e r  (500

c m ^ ) .  The r e s u l t i n g  t h i c k  s u s p e n s i o n  was r e f l u x e d  a t  room

te m p e ra tu re  f o r  one hou r .  A f t e r  c o o l in g  to  15-20^C, fo llow ed  by

f i l t r a t i o n ,  a c ream -co lou red  powder r e s u l t e d ,  (72.1 gms, 0 .378

m ole, 97% ) ,  mpt. 196-198°C ( l i t .  mpt.^^® 201- 202°C).
-1

IR ( V cm , n u j o l ) :  3450 ( tw o N-H s t r s . ) ,  1695 max. (C=0 

c a r b o x y l i c  s t r . ) ,  1620 s  (C=0 amide s t r . ) .

8 . P r e p a r a t i o n  o f  N -phenylm ale im ide .

O ^

To a s u sp en s io n  o f  a c e t i c  a n h y d rid e  (145 gms, 1 .42 m oles)

and anhydrous sodium a c e t a t e  (13 gms, 0 .159  mole) was added c rude

m a l e a n i l i c  a c i d  ( 6 3 .2  gms, 0 .3 3  m o le )  from  e x p t .  7 , and  t h e

r e s u l t i n g  s u sp en s io n  was d i s s o lv e d  by s w i r l i n g  and h e a t in g  on a

s team  b a th  f o r  30 mins (sodium a c e t a t e  f a i l s  to  d i s s o l v e

c o m p le te ly ) .  A f t e r  c o o l in g  to  room t e m p e r a t u r e , • the  m ix tu re  was

poured in to  i c e / w a te r  (260 cm^)» The r e s u l t i n g  ye llow
o f f

p r e c i p i t a t e  was  f i l t e r e d  and r e s id u e  washed w ith  i c e - c o ld  w a te r
X
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(3 X 500 a n ' )  and once w ith  a p o r t i o n  o t  p e t .  e t h e r  40-G0 (500 
3 " "

cm ). R e c r y s t a l l i z a t i o n  from cyc lohexane  g iv e s  c a n a ry -y e l lo w  

c r y s t a l l i n e  n e e d le s ,  (29.11 gms, 51%), mpt. 87.5-09*^0 ( l i t  

mpl 88-89°C).
-J

IR ( V cm , n u j o l ) ;  3050 (CM a ro m a tic  s t r . ) ,  1705 max. (C=0 

s t r . ).

^H-nmr (5 ppm, CDCl^): 6 .83  ( s ,  ÜH, v in y l  hyd rogens) ,  7 .1 9 -7 .6 0  

(m, 511, Ar-H).

9. O x id a t io n  o f  N -m ethy l-N -( 1-adam antanecarbonyl)hydroxy lam ine  in  

th e  p re se n c e  o f  N -phenylm ale im ide .

O

A dC —N
/O H 8

o
N -M ethy l-N -( l-adam an tanecarhony l )hydroxylamine (209 mg, 1 

mmole) was d i s s o lv e d  in  m ethylene  c h lo r i d e  (30 cm^) and 

N-phenylm aleimide (173 mg, 1 nmole) was added, th e  m ix tu re  was 

s t i r r e d  and anhydrous magnesium s u lp h a t e  (200 mg, used a s  d ry in g  

a g e n t )  was added fo llow ed  by th e  a d d i t i o n  o f  s i l v e r  o x id e  (240 

mg, 1 .0 4  m m ole);  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  4 1 /2  

h o u rs ;  upon com ple tion  o f  th e  r e a c t i o n ,  th e  in o rg a n ic  r e s id u e  was 

f i l t e r e d  o f f  and th e  m ethylene  c h lo r i d e  removed under reduced 

p r e s s u r e ,  t o  g iv e  an o i l  which s o l i d i f i e d  upon s ta n d in g .  

R e c r y s t a l l i z a t i o n  from CH^CJ^/^''exane gave a w h ite  powder, (310 

mg, 82%), mpt. 187-188°C ( l i t .  m pt.^^  188°C).

m  (v c m " \  n u j o l ) :  1724 (-C(O)-N-C(O)- s t r . ) ,  1640 (-C(O)-N-O- 

s t r .  )
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^H-nmr ( ô ppm, CDCl^): 1 .5 0 -2 .1 0  (m, 15FJ, adainantyl p r o to n s ) ,

3 .6 8 -3 .0 2  (m, 211, -C-N-CH-CH), 4 .4 0 -4 .5 5  (d , III, -C-N-CH-CH),

5 .0 5 -5 .2 0  (d, Ifl, -C(O)-CH-O-N-), 7 .1 5 -7 .6 0  (m, 511, Ar-H).

Per more d e t a i l  on n .m .r .  s p e c t r o s c o p ic  experim en ts  se e  

C h a p te r  4.

E lem enta l  a n a l y s i s : Found C, 6 8 .0 5 ;  H, 6 .4 0 ;  N, 7.22%.

^22^24^2^4 ^G quires C, 6 9 .5 ;  H, 6 .3 ;  N, 7.4%.

Mass spectrum  (FAB),  (m/z, 8 eV X e ) , :  413 (M  ̂ + Na^), 385, 381

+ +
(M + H ).

10. O x id a t io n  o f  N -m eth y l-N -p iv a lo y lh y d ro x y lam ine in  th e  p re se n c e  

o f  N -phenylm ale im ide .

O

O x id a t io n  o f  N-methy1-N -p ivalo y lh y d ro x y lam ine was done under 

s i m i l a r  c o n d i t io n s  a s  t h a t  o f  N -m ethy l-N -( 1-adam an tanecarbony l-  

hydroxylam ine (e x p t .  9 ) .  A t . l . c  s tu d y  o f  r e a c t i o n  p ro d u c ts  

(SiO^, CH^Cl^) showed th e  m ajo r  component t o  be N-phenyl­

m ale im ide . A 200MHz n .m . r .  spectrum  o f  c rude  r e a c t i o n  p ro d u c ts  

showed t r a c e s  o f  a compound w ith  i d e n t i c a l  s p e c t r a l  p a t t e r n  f o r  

i s o x a z o l id in e  r in g  as  th e  c y c lo a d d u c t  formed by o x id a t io n  o f  

N -m ethy l-N -(1-adam an tanecarbony l)hydroxy lam ine  in  th e  p re se n c e  o f  

N-phenylm aleimide (e x p t .  9 ) .  A ttem pted s e p a r a t i o n  o f  th e  

compound u s in g  p r e p a r a t i v e  t . l . c .  on s i l i c a  g e l  f a i l e d .
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11. A t te m p te d  r e t r o -  D i e l s - A 3 d e r  r e a c t i o n  o f  c y c l o a d d u c t  o f  

N~niethyl-N -(1-adam antanecarbonyl)hydroxylam ine  in  ch lo robenzene  

a t  130°C.

. d C - l i  J  *  I I
o

The N-phenylm aleimide ad d u c t  o£ t i t l e  compound (22 mg, 0 .058 

mmole) was d i s s o lv e d  in  ch lo robenzene  (2 cm^), and benzyl a lc o h o l  

(5 .23  gms, 48.4 mmole) was added, and th e  m ix tu re  was h ea ted  on 

an o i l  ba th  f o r  18 hours  a t  132°C. The r e a c t i o n  m ix tu re  showed, 

on t . l . c .  a n a l y s i s ,  th e  p re s e n c e  o f  s t a r t i n g  r e a g e n ts ;  t h e r e  was 

no ev idence  o f  fo rm a tio n  o f  benzyl adam an taneca rboxy la te .

12. A ttem pted r e t r o -  D ie ls - A ld e r  r e a c t i o n  o f  N-phenylm aleimide 

ad d u c t  o f  N-m ethyl-N -( 1 -adam antanecarbonyl )hydroxylamine in  

d ic h lo ro b e n z e n e  in  th e  p re se n c e  o f  benzy l  a lc o h o l  a t  180°c.

O

The t i t l e  compound (22 mg, 0 .058  mmole) was d i s s o lv e d  in  

d ic h lo ro b en z e n e  (2 cm^) w ith  benzyl a lc o h o l  (5 .23  gms, 4 8 .4mmole) 

and was p laced  in  a g l a s s  tube  which was s e a l e d ,  and h ea ted  f o r  

18 hours  in  a C a r iu s  fu rn a c e  a t  179-180°C. The r e a c t io n  m ix tu re  

showed s p o ts  on t . l . c .  c o n s i s t e n t  w i th  s t a r t i n g  m a t e r i a l s ;  t h e r e  

was no ev idence  o f  a c y l a t i o n  o f  benzyl a l c o h o l .
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13. P rep a ra tio n  o f potassium  benzohydroxamate.

PhfcoE  ̂ ^  PhC— NHO'K*

S e p a ra te  s o l u t i o n s  o f  hydroxylam ine h y d ro c h lo r id e  (31.14
3

gms, 0 .44 mole) in  m ethanol (173 cm ) and po tass ium  hydrox ide
3

(37.54 gms, 0 .66 mole) in  m ethanol (150 cm ) were p rep a re d  a t  th e  

b o i l i n g  p o in t  o f  th e  s o lv e n t .  Doth s o l u t i o n s  were coo led  to  

30-40°C and a l k a l i  s o l u t i o n  was added t o  th e  hydroxylam ine w ith  

s h a k in g .  A f t e r  a l l  a l k a l i  s o l u t i o n  has  been added, th e  m ix tu re  

i s  a llow ed  to  s ta n d  a t  0°C f o r  5 m ins. E thy l benzoate  (90.76 

gms, 0.66  mole) was then  added to  th e  m ix tu re  w ith  sh ak ing  and 

th e  m ix tu re  was f i l t e r e d  im m edia te ly . The f i l t r a t e  was s to p p e re d  

and a l l o w e d  t o  s t a n d  f o r  3 d a y s  a t  room t e m p e r a t u r e .  The 

r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d ,  washed w ith  m ethanol (10 

cm^), and a llow ed  t o  d ry .  A w h i te  c r y s t a l l i n e  s o l i d  r e s u l t e d ,  

(25.99 gms, 34%), mpt (decom posit ion )  160-161^C ( l i t .  mpt. 

161-162°C).

14. P r e p a r a t io n  o f  2 - b e n z o y l i s o x a z o l id in e .

IT , I?
PhC— NHO"K —  PhC— N- 1

To a s t i r r e d  s o l u t i o n  o f  th e  above hydroxamate (14 .7  gms.

0 .0 8 4  m o le )  and a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  ( 2 3 .2  gms) in

3 3m ethanol (62 cm ) and w a te r  (42 cm ) was added 1 , 3-dibromopropane

(18 .7  gms, 0 .092  mole) and th e  m ix tu re  was h ea ted  a t  380^ 3
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d a y s .  E vapo ra t ion  o f  s o lv e n t  under reduced p r e s s u r e ,  r e s u l t e d  in
3a d a rk  brown r e s id u e .  Water (100 cm ) was added t o  th e  r e s id u e

and th e  m ix tu re  was e x t r a c t e d  w ith  e t h e r  (2 x 100 cm^). The

combined o rg a n ic  l a y e r  was d r ie d  (MgSO^) and the  o t h e r  ev a p o ra te d

under reduced p r e s s u r e .  The c rude  p ro d u c t  was d i s t i l l e d  under

vacuum t o  g iv e  a co lou  v i sc o u s  l i q u i d  (5 .12  gms, 35%), b p t

113-120°C a t  0 .1  mmUg ( l i t .  b p t .^ ^  124-126°C a t  0 .16  irmHg).
-1

IR ( V cm , n e a t ) :  3060 (CH a r o m a t i c  s t r . ) ,  2964-2883  (CH

a l i p h a t i c  s t r . ) ,  1631 max. (C=0 s t r . ) ,  1600 (C=C a ro m a tic  s t r . ) .

^H-nmr ( 6 ppm, CDCl^): 1 .9 5 -2 .2 5  ( q u in t ,  211, -CII^-CH^-CH^-) /

3 .6 5 -3 .9 3  ( t ,  4H, CH -N-CH^), 7 .1 0 -8 .1 0  (m, 5H, Ar-H).
—2 —2

E lem enta l  a n a l y s i s : Found C, 6 7 .56 ;  H, 6 .2 4 ;  N, 6.92%. ^ i o ^ l l ^ 2  

r e q u i r e s  C, 67 .78 ; H, 6 .2 6 ;  N, 6.90%.

Mass s p e c t r u m  (m /z ,  3 5 e V ) : 177 (M , 2 .9 5 % ) ,  161 (1 .1 % ) ,  106 

(7.98%), 105 (base peak , PhCO"^).

1 5 .P r e p a r a t io n  o f  N ,0 -d ibenzoy lhyd roxy lam ine .

O O
PhC— NHO'K* Phü— NOCOP h

H

To a su sp e n s io n  o f  p o tass iu m  benzohydroxamate (8 .00  gms,

0 .046 mole) in  d ioxane  (50 cm^) was added benzoyl c h lo r id e  (6 .42  

gms, 0 .046 mole) w i th  c o n s ta n t  s t i r r i n g .  The r e a c t io n  m ix tu re  

was t h e n  b o i l e d  f o r  5 m in s ,  c o o le d  t o  room t e m p e r a t u r e  and 

s o l u t i o n  was poured i n t o  d i s t i l l e d  w a te r  (800 cm^). The

r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  and washed w ith  m ethanol.
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R e c r y s t a l l i z a t i o n  f rom 95% e th a n o l  gave a w h i te  c r y s t a l l i n e  s o l i d  

(9 .33  gms, 84%), mpt. (decom posit ion )  158-160^C ( l i t .  m p t . 161-

162°C).
-1

^ (  V cm , n u j o l ) :  3150 (N-H s t r . ) ,  1764 s  (max. C=0 c a rb o x y la te  

s t r . ) ,  1640 s  (max. C=0 amide s t r . ) ,  1600 (C=C a ro m a tic  s t r . ) .  

^H-nmr ( g ppm, a c e to n e -d g ) :  7 .7 5 -8 .6 5  (m, lOH, Ar-H).

16. A ttem pted N - a l l y l a t i o n  o f  N -benzoyl-O -benzoylhydroxylam ine  

u s in g  KOH a s  b a s e .

PhCONOCOPh P h f _ N o ? p „

To a s u sp en s io n  o f  N ,0 -d ibenzoy lhydroxy lam ine  (2 gms, 8 .29  

mmoles) in  d io x a n e /e th a n o l  (50 cm^) 50 : 50 a t  10°C was added KOH 

( 0 .4 7  gm s, 8 .2 9  mmole) i n  e t h a n o l  (14 cm ^) .  The r e a c t i o n
Oja.5

m ix tu re  shaken v ig o ro u s ly ,  and then  a llow ed  t o  s ta n d  f o r  5-10
A  ^

mins a t  i c e - b a th  t e m p e ra tu re ,  a f t e r  which th e  s a l t  was f i l t e r e d  

o f f  and washed w ith  a l i t t l e  e th a n o l  (10 cm^) and f i n a l l y  e t h e r
3

(25 cm ) .  The s o l i d  was d i s s o l v e d  in  sod ium  h y d r i d e  d r i e d  

d im ethoxyethane  (DME); fo llow ed  by th e  a d d i t i o n  o f  a l l y l  bromide 

(4 .51  gms, 4 .5  mole e q u iv .  ) and r e f lu x e d  f o r  3 h ou rs .  A s o l i d  

p r e c i p i t a t e d  from th e  DME which was f i l t e r e d  and gave a 

ye llow /c ream  powder (1 .13  gms, 64%), mpt. 230-234°C. I n f r a - r e d  

th e  o f  s o l i d  showed u n fa m i la r  s t r e t c h i n g  n o t  c h a r a c t e r i s t i c  o f  

N -a lk y la te d  hydroxylam ine e s t e r s  but c o n s i s t e n t  w ith  t h a t  o f  

1 , 3 -d ip h e n y lu re a  ( c a r a b a n i l i d e ) ( l i t .  m p t.^^^  234-236^C).
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-1
(v cm , n u j o l ) :  3327-3275 (two ]rx?aks, N-H s t r . ) ,  1643 s  (max. 

C=0 s t r . ) ,  no e s t e r  carl.x>nyl peak around 1 7 5 0 's .

^H-nmr ( 5  ppm ,ace tone-dg) : 6 .6 0 - 7 .6  (m, 101!, Ar-H), 7 .6 5 -8 .3 0

(b r .  s ,  2H, NH-C(O)-NH).

17. A l l y l a t i o n  o f  N,0 d ibenzoy lhyd roxy lam ine  u s in g  K^CO^ a s  th e  

b a se .

f? o
PhCONOCOPh ' P h ^ - N O & h

To a s o l u t i o n  o f  N ,0 -d ibenzoy lhyd roxy lam ine  (2 .62  gms, 0.011 

m o le )  in  m e th a n o l/H ^ O  (13 cm^) 50 : 50 was added  a n h y d ro u s  

p o ta ss iu m  c a rb o n a te  (2 .17  gms, 0 .16  mole) th e  i n i t i a l  ve ry  exo­

th e rm ic  r e a c t i o n  was c o n t r o l l e d  by c o o l in g  w i th  i c e - b a t h .  A f t e r  

r e a c t i o n  was com plete  a l l y l  bromide (1 .92  gms, 0 .016 mole) was 

added and s t i r r e d  a t  42°C f o r  one day . A f t e r  t h i s  t im e, w a te r  

(45 .5  cm^) was added t o  th e  r e a c t i o n  m ix tu re  and e x t r a c t e d  w ith  

c h lo ro fo rm  (2 x 4 .5  cm^). The combined ch lo ro fo rm  e x t r a c t s  were 

washed w ith  w a te r  (3 x 22 .5  cm^), th en  d r i e d  w ith  Na2^0  ̂ th en  

f i l t e r e d .  E v ap o ra t io n  o f  s o lv e n t  a t  reduced  p r e s s u r e  r e s u l t e d  in  

an amber o i l .  T . l . c .  (SiO^, e th y l  a c e t a t e / p e t .  e t h e r  60-80 40 : 

60) in d ic a te d  two m ajor  components. S e p a ra t io n  o f  t h e s e  was 

ach ieved  by medium p r e s s u r e  l i q u i d  chrom atography (SiO^, e th y l  

a c e t a t e / p e t .  e t h e r  60-80 20 : 80 ) .  S p e c t ro s c o p ic  ev id en ce  shows 

t h a t  th e  compounds have s i m i l a r  n .m .r .  c h a r a c t e r i s t i c s .

(More p o la r )

IR ( V cm” \  n e a t ) :  3050 (CH a r o m a t i c  s t r . ) ,  2925 -2895  (CH
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a l i p h a t i c  s t r . ) ,  1750 s  (max. C O  s t r . ) ,  1660 s  (max. C=N (oximo) 

o r  C O  s t r .  ).

^H-nmr ( 6 ppm, CDCI3 ): 4 .4 4 -4 .7 7  (d, 211, -N-CH^), 5 .1 4 -5 .7 0  (d, 

2H, -C H O n^)/ 5 .7 7 -6 .5 4  (m, IH, -CHOH^), 7 .2 7 -8 .4 5  (m, lOH,

Ar-H).

(Less p o l a r )
-1

IR ( V cm , n e a t ) :  3050 (CH a r o m a t i c  s t r . ) ,  2925-2894  (CH 

a l i p h a t i c  s t r . ) ,  1750 s  (max. C O  s t r . ) ,  1660 (C=N o r  C O  s t r . ) .  

^H-nmr ( 5 ppm, CDCI3 ) :  4 .8 4 -5 .0 5  (d, 2H, -N-CH^), 5 .2 5 -5 .7 5  (d , 

2H, -CHOH^), 5 .8 7 -6 .5 5  (m, IH, -CH^OH^), 7 .3 7 -8 .5 7  (m, lOH,

Ar-H).

I t  was no t p o s s ib l e  from t h i s  s p e c t r a l  in fo rm a t io n  to

d i f f e r e n t i a t e  between N - a l l y l  and 0 - a l l y l  isom ers .

18. P r e p a r a t io n  o f  N -benzoyl-O -benzy lhydroxy lamine,

O O
II .  . II

PhC— NHO K —^  PhC— NOBrI
H

Using a p ro ce d u re  s i m i l a r  t o  th e  p r e p a r a t i o n  o f  N-benzoyl-

-O -benzoylhydroxylam ine  ( e x p t .  15) , th e  t i t l e  compound was

p r e p a r e d ,  (6 .40  gms, 37%). R e c r y s t a l l i z a t i o n  from CH^Cl^/pet. 

e t h e r  60-80 gave w h i te  c r y s t a l l i n e  s o l i d ,  mpt. 102-103°C. ( l i t .  

m pt.^^^  103-105°C).

IR(v cm n u j o l ) :  3140 (NH s t r . ) ,  1641 s  (C O  amide s t r . ) .

^H-nmr C 6 ppm, CDCl^): 5 .00  ( s ,  2H, O -C H ^ -) ,  7 .1 0 -7 .9 0  (m, lOH,

A r-H ), 8 .85  (b r .  s .  III, -NH-).
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19. P re p a ra tio n  o f N -ally l-N -benzoyl-Q -benzylhydroxylam ine

°  u— NOBrI PhC— N— OBzl

Using a p ro ce d u re  s i m i l a r  t o  th e  p r e p a r a t i o n  o f  N -a l ly l -N  

-benzoy l-O -benzoy lhydroxy lam ine  ( e x p t .  15) a c rude  amber o i l  

r e s u l t e d  (340 mg, 58%). S e p a ra t io n  o f  th e  t i t l e  compound was by 

medium p r e s s u r e  l i q u i d  chrom atography (SiO^, e th y l  a c e t a t e /  p e t .  

e t h e r  60-80 30 : 70) which gave two components. The more p o l a r  

N -a l ly l -N -b e n z o y l-O -b e n zy lh y d ro x y  lam ine (140 mg, 24%) and th e  

l e s s  p o l a r  a l l y l  benzhydroxim ic ben zo a te  (200 mg, 34%).

More p o l a r : N - a l l y l  isom er

m  ( V cm"^, n e a t ) :  3050-3025 (CH a ro m a tic  s t r . ) ,  2925-2850 (CH 

a l i p h a t i c  s t r . ) ,  1640 s  (max. C=0 amide s t r . ) ,  1600 (C=C s t r . ) .  

^H-nmr (5  ppm, CDCI3 ): 4 .2 0 -4 .4 5  (d , 2H, -N-CH^-), 4 .65  ( s ,  2H,

-N-O-CH - ) ,  5 .0 5 -5 .5 4  (ra, 2H, -N-CH.-CH=CH_), 5 .5 5 -6 .2 5  (m, IH,
—2 2 —2

-N-CH^-CH^CH^), 6 .8 5 -7 .9 5  (m, lOH, Ar-H).

Less p o l a r : O - a l l y l  isom er 
-1

IR ( cm , n e a t ) :  3050-3025 (CH a ro m a tic  s t r . ) ,  2925-2850 (CH 

a l i p h a t i c  s t r . ) ,  1640 s  (max. C=N s t r . ) .

^H-nmr (5 ppm, CDCl^): 4 .6 0 -4 .9 0  (d, 2H, -N-CH^"), 5 .13  ( s ,  2H,

-O-CH^-), 5 .0 5 -5 .5 0  (dd, 2H, -0-CH^-CH=CH^), 5 .7 0 -6 .4 0  (m, IH,

-0-CFL-CH=CH^), 6 .9 0 -7 .9 0  (m, lOH, Ar-H).
2 — 2

N .m .r . i n t e r p r e t a t i o n  i s  by com parison w ith  model compounds in  

r e f  (69).

140



20. P r e p a ra t io n  o f  N -a lly l-N -benzoy l-Q -benzy lhyd roxy lam inc us ing  

phase t r a n s f e r  c a t a l y s t  tctrabutylam monium  h y d ro su lp h a to .

°  ?
PhC— NOBrl —  p | , c — N— OBzl

• To a su sp en s io n  o f  N -benzoyl-O -tenzy lhydroxyJam ine (1 .47

gms, 6 .5  mmole) and t e  t r a  b u ty l  ammonium h y d ro su lp h a te  (0 .55  gms,

1.62 mmole) in  benzene (16 cm^) was added t o  po tass ium  c a rb o n a te

(1 .47  gms, 0 .0065 mole) in  w a te r  (2 cm^) fo llow ed  by in t e n s iv e

s h a k in g  f o r  25 m in s ,  u n t i l  a t h i c k  s l u s h  i s  fo rm e d .  A l l y l

bromide (0.780 gms, 0 .0065 mole) was th en  added and th e  m ix tu re

was h e a t e d  t o  60-70^c and r e a c t i o n  f o l l o w e d  by t . l . c .  u n t i l

s t a r t i n g  m a t e r i a l  had d i s a p p e a re d .  A f t e r  com p le tion  o f

r e a c t i o n ,  th e  o r g a n ic  phase  was e x t r a c t e d  w i th  2M HCl t o  remove
aqueous

b a s ic  m a t e r i a l ,  washed u n t i l  n e u t r a l  w i t t y  sodium s u lp h a t e ,  

f i l t e r e d ,  and th e  s o lv e n t  was removed. An amber o i l  r e s u l t e d  

(150 mg, 9%). S e p a ra t io n  by L.C. (SiO^, e t h y l  a c e t a t e / p e t .  e t h e r  

40-60 30 : 70) gave N - a l l y l  compound (20 mg, 1.17%) and O - a l l y l  

isom ers  (21 mg, 1.24%).

N - a l l y l  compound

IR ( v c m “ ^, n e a t ) :  3065-3032 (CH a ro m a tic  s t r . ) ,  2927-2880 (CH 

a l i p h a t i c  s t r . ) ,  1642 s  (C=0 amide s t r . ) ,  1602 (C=C a ro m a tic  

s t r . ) .

^H-nmr( S ppm, CDCI3 ) :  4 .2 9 -4 .3 1  (d ,  2H, -N-CH^-), 4 .6 2  ( s ,  2H,
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-N-O-CH^), 5 .1 4 - 5 .4 2  (m, 2H, -N-CII^-CH=CH^), 5 .7 4 - 6 .1 2  (m, IH, 

-N-CH^-CHCM^), 6 .9 9 - 7 .6 9  (m, lOH, A r-H ).

O - a l l y l  isom ers  
-1

^  (V . dm , n e a t ) :  3086-3065 (CH a ro m a t ic  s t r . ) ,  2927-2874 (CH 

a l i p h a t i c  s t r . ) ,  1612s (C=N s t r . ) .

^H-nmr (6 ppm, CDCl^): 4 .7 5 - 4 .9 0  (d , 2H, -0-CH^-CH=CH^), 5 .18  ( s ,

2H, -N-O-CH - ) ,  5 .3 0 - 5 .4 3  (dd, 2H, -O-CIl -CH=CII ), 5 .8 3 - 6 .3 5  (m, 
—2 2 —2

IH, -0-CIL-CH=CH.,), 7 .2 0 - 7 .8 4  (m, lOH, A r-H ).
2 —  2

21. P r e p a r a t i o n  o f  benzohydroxam ic a c i d .

O ^
PhC— NHO" K" —^  P h i - N - O H

A s u s p e n s io n  o f  p o ta s s iu m  benzohydroxam ate  (7 .3 7  gms, 0 .042  

mole) in  1.25N a c e t i c  a c id  (34 cm^) was s t i r r e d  and h e a te d  u n t i l  

a c l e a r  s o l u t i o n  was o b t a i n e d .  The s o l u t i o n  was a llo w ed  t o  c o o l  

t o  room te m p e ra tu re ,  a w h i te  s o l i d  p r e c i p i t a t e d .  The c r y s t a l s  

which s e p a r a te d  was washed w i th  a l i t t l e  benzene and a llow ed  t o  

a i r  d ry  ( 3 . 64gms, 63%), m pt. 125-127°C ( l i t .  m p t . 1 2 6 - 1 3 0 ° C ) .  

IR (V cm"^, n u j o l ) :  3426 b r  (OH s t r . ) ,  3295 s  (NH s t r . ) ,  1646 s  

(C=0 amide s t r . ) .

^H-nmr (5 ppn , a c e to n e -D ^ ) :  7 .3 0 - 7 .9 5  (m, 5H, A r-H ),  no OH o r  NH 

ch em ica l  s h i f t s .
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22. P rep a ra tio n  o f N -bcnzoyl-O -2-n itrobenzylhydroxylam ine.

O O
PhC— NHO'K* -4 .-  PhC-—NOCH-

NO;

The t i t l e  compound v/as p re p a re d  u s in g  a p rocedu re  s i m i l a r  to  

th e  p r e p a r a t i o n  o f  N-benzoy1-O-benzoy1hydroxylam ine (e x p t .  15). 

R e c r y s t a l l i z a t i o n  from CH^Cl^/pet. e t h e r  60-80 gave N-benzoy]-O- 

- 2-n i t ro b e n z y lh y d ro x y la m in e  a s  a w h i te  c r y s t a l l i n e  s o l i d  

( s e n s i t i v e  t o  d i r e c t  s u n l i g h t )  (6 .34  gms, 40%), mpt. l l l - 1 1 2 ° c .

^  (V cm , n u j o l ) :  3145 (NH s t r . ) ,  1640 s  (C=0 amide s t r . ) .  

^H-nmr (6 ppm, CDCl^): 5 .55  ( s ,  2H, -N-O-CH^-), 7 .2 6 -8 /2 5  (m, 9H, 

Ar-H), 9 .13  (b r .  s ,  IH, -NH-).

E lem en ta l  a n a l y s i s : Found C, 61 .8 3 ;  H, 4 .4 0 ;  N, 10.26%.

^14^12^2^4 C, 61 .77 ;  H, 4 .4 1 ;  N, 10.29%.

23. P r e p a r a t io n  o f  N -a l ly l -N -b e n z o y l-O -2 -n i t ro b e n z y lh y d ro x y la m in e  

P h C - N O C H r / r ^  PhCON-OCHj

NO; NO;

The t i t l e  compound was p re p a re d  u s in g  a p rocedu re  s i m i l a r  to  

th e  p r e p a r a t i o n  o f  N-a1ly1-N -benzoy1-O-benzylhyd roxylami ne (ex p t .  

19) . An amber v isc o u s  o i l  r e s u l t e d  (550 mg, 81%). S e p a ra t io n  by 

medium p r e s s u r e  L.C. (SiO^, e th y l  a c e t a t e / p e t . e t h e r  60-80 flow 

r a t e  12 cm ^/m in) g a v e  two m ain  c o m p o n e n ts .  The more p o l a r  

f r a c t i o n  gave N -a lly l-N -benzoy l-O -benzy lhyd roxy lam ine  as  a
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p a le  amlxîr o i l  (190 mg, 28%) and the  l e s s  p o la r  f r a c t i o n  gave 

a l l y l  benzhydroxim ic 2- n i t r o b e n z o a te  a s  a p a le  am ter o i l  (90 mg, 

13%).

More p o l a r  f r a c t i o n : N - a l ly l  isomer  
-1

IR ( \̂  cm , n e a t ) :  3084 (CH a r o m a t i c  s t r . ) ,  2926 -2859  (CH 

a l i p h a t i c  s t r . ) ,  1651 s  (C=0 amide s t r . ) ,  1603 (C=C a ro m a tic  

s t r . ).

^H-nmr (6 ppm, CDCl^): 4 .2 0 -4 .3 5  (d, 2H, -N-CH^-), 4 .65  ( s ,  211,

-N-O-CH - ) ,  5 .1 4 -5 .4 2  (m, 2H, -N-CH^-CH=CH - ) ,  5 .7 4 -6 .1 2  (m, IH, —z z —Z

-N-CH^-CH=CH^), 7 .2 0 -8 .3 0  (m, 9H, Ar-H).

Less p o l a r  f r a c t i o n : O - a l l y l  isom er

IR ( /"̂  cm ^ , n e a t ) :  3082 (CH a r o m a t i c  s t r . ) ,  292 8 -2 8 5 7  (CH

a l i p h a t i c  s t r . ) ,  1614 s  (C=N s t r . ) .

^H-nmr (« ppm, CDCI3 ) :  4 .7 5 -4 .9 0  (d , 2H, -O-CH^-), 5 .18  ( s ,  2H,

-N-O-CH - ) ,  5 .3 0 -5 .4 3  (d ,  2H, -0-CH.-CH=CH_), 5 .8 4 -6 .3 5  (m, IH,—2 2 —2
-0-CH^-CH=CH^), 7 .2 0 -8 .3 0  (m, 9H, Ar-H).

E lem en ta l  a n a l y s i s :  Found C, 6 5 .42 ;  H, 5 .10 ;  N, 8.99%.

C^^H^^N^O^ r e q u i r e s  C, 65 .39 ;  H, 5 .1 3 ;  N, 8.97%.

24. P r e p a r a t i o n  o f  N -a l ly l -N -b e n z o y l-O -2 -n i t ro b e n z y lh y d ro x y la m in e  

u s in g  phase  t r a n s f e r  c a t a l y s t  tr ie thylbenzylam m onium  

h y d ro su lp h a te .

O
11

PhC— NOCH 
H

NO,

PhCON-OC H

NO,
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Using a p ro ced u re  s i m i l a r  to  the  p r e p a r a t i o n  o f  N - a l l y l -  

-N -benzoyl-O -benzy l ( e x p t .  20) u s in g  a phase  t r a n s f e r  c a t a l y s t .  

An amber v isc o u s  o i l  r e s u l t e d  (1 .29  gms, 96%). S e p a ra t io n  by 

L.C. u s in g  same c o n d i t io n s  a s  e x p t .  23 gave N - a l ly l  compound a s  a 

p a le  amber o i l  (273 mg, 20%) and O - a l l y l  isom ers a s  a p a le  amber 

o i l  (70 mg, 5.2%).

IR, and ^H -n .m .r .  s p e c t r a  a r e  g iv en  in  e x p t .  23

25. P h o to ly s i s  o f  N -b e n z o y l-O -2 -n i t ro b e n z y lh y d ro x y la m in e .

P ..^ -N O C hH ^  —  P h & N -O H '

NO;

N -D enzoy l-O -2 -n itrobenzy lhyd roxy lam ine , p rep a red  in  e x p t .  22

was d i s s o l v e d  i n  CCl^ and  p l a c e d  i n  s t a n d a r d  a p p a r a t u s  f o r

p h o t o l y s i s .  A medium p r e s s u r e  Hg la n p  (UV >320 nm) was used and

p la c e d  in  a p y re x -w a l le d  j a c k e t .  The py rex  f i l t e r  i s  im p o r tan t

s in c e  UV >320 nm l e a d s  t o  s i d e - r e a c t i o n s .

The r e a c t i o n  m ix tu re  was i r r a d i a t e d  f o r  15-20 m ins, th e

r e a c t i o n  fo llow ed  by t . l . c .  (SiO^, CH^Cl^). The c l e a r  s o l u t i o n

tu rn e d  brown a f t e r  i r r a d i a t i o n  f o r  15 m ins. T . l . c .  o f  r e a c t i o n

p ro d u c ts  (SiO^, e th y l  a c e t a t e / p e t . e t h e r  60-80) showed th r e e  m ajor

p r o d u c t s ,  one gave a p u rp le  c o lo u r a t io n  w ith  f e r r i c  c h lo r i d e ,

i n d i c a t i v e  o f  hydroxamic a c id .  T h is  p ro d u c t  had th e  same Rf as

a u t h e n t i c  benzohydroxamic a c id  (ex p t .  21) . IR o f  c rude  r e a c t i o n
-1

m ix tu re  showed th e  appearance  o f  C=0 a t  1770cm , c o n s i s t e n t  w ith

s t r e t c h i n g  i n  t h e  p r e s e n c e  o f  an  o r t h o  e l e c t r o n - w i t h d r a w i n g  

s u b s t i t u e n t
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26. P h o to ly s i s  o f  N - a l l y l  -N-be nzoy 1 -O- 2-n i L robe n zy 1 hyd roxy 1 am i ne

P l,CON-OC  ̂ PhCONOH

NO; • •

P h o to ly s i s  o f  N -a lly l -N -b en zo y l-O -b en zy lh y d ro x y lam in e  was 

c a r r i e d  u s in g  a p ro c e d u re  s i m i l a r  t o  th e  p h o t o ly s i s  o f  N -benzoyl-  

-0 -2 -n i t ro b e n z y lh y d ro x y la m in e  (e x p t .  25 ) .  E vapora t ion  o f  s o lv e n t  

under  reduced p r e s s u r e  p roduced  a da rk  brown v isc o u s  o i l .  T . l . c .  

(SiO^, e t h y l  a c e t a t e / p e t . e t h e r  60-80 60 : 40) showed a complex 

m ix tu re ,  one component o f  which gave a p o s i t i v e  t e s t  f o r  

hydroxamic a c id  w ith  f e r r i c  c h l o r i d e  (p u rp le  c o lo u r a t i o n ) .  

A ttem pts  o f  s e p a r a t i o n  by p r e p a r a t i v e  t . l . c .  (SiO^, CHCl^/MeOH 

9 : 1 )  proved u n s u c c e s s f u l .

27. P r e p a r a t io n  o f  N -a l ly l -O -b e n z o y lh y d ro x y la m in e  h y d ro c h lo r id e .

   ,^:^V/NHOCOPh • HCl

A s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  a l ly la m in e  (5 .71 gms, 0 .1
3

mole) in  10 ,cm benzene (sodium d r i e d )  was added dropw ise  w ith  

s t i r r i n g  t o  a s o l u t i o n  o f  f r e s h l y  c r y s t a l l i z e d  d ib en zo y l  p e ro x id e  

(12.11 gms, 0 .05  mole) in  sodium d r i e d  benzene (50 cm^)» The 

r e a c t i o n  m ix tu re  was coo led  on i c e .  A f t e r  r e a c t i o n  was com plete

i . e .  when coo led  down, 50 cm^ o f  d i e t h y l  e t h e r  was added. The 

m ix tu re  was shaken w i th  w a te r  (3 x 100 cm^). Hie o rg a n ic  phase 

was d r i e d  w ith  anhydrous sodium s u lp h a t e  and th e  h y d ro c h lo r id e  

th en  p r e c i p i t a t e d  w i th  d ry  HCl. The h y d ro c h lo r id e  was f i l t e r e d
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(c rude  y i e l d ,  1 .76 gms, 16.5%). R e c r y s t a l l i z a t i o n  f r a n  e th a n o l

gave a pu re  w h ite  powder (500 mg, 4.7%), mpt. 112-114°C.
-1  + +

IR ( vcm , n u j o l ) :  2722-2335 (v b r .  NH , NII2 s t r . ) ,  1757 s  (C=0

s t r .  e s t e r ) ,  1600 w (C=C a ro m a tic  s t r . ) .

^H-nmr ( 6 ppm, CDCI3 ): 3 .9 6 -4 .0 0  (d, 2H, -N-CH^-), 5 .3 0 -5 .5 0

(u n reso lv ed  d ,  2H, -N-CH^-CHCH^ ) ,  5 .6 0 -6 .0 0  (m, IH,

-N-CH^-CHCH^), 6 .6 0 -7 .0 0  ( b r . s ,  IH, -NH-), 7 .3 8 -7 .9 0  (m, 5H,

Ar-H).

E lem en ta l  a n a l y s i s : Found C, 56 .19 ; H ,5 .6 5 ;  N,6.7%. ^ io ^ ^ i2 ^ 2 ^^

r e q u i r e s  C, 5 6 .2 ;  H, 5 .6 2 ;  N, 6.56%.

28. P r e p a r a t io n  o f  N -a lly l -N -b e n z o y l-O -b e n zo y lh y d ro x y la m in e .

o o
,^ ÿ J \ /N H O C O P h -H C l  Phc!— NOÜPh

The t i t l e  compound was p re p a re d  u s in g  a p ro ce d u re  s i m i l a r  t o

th e  o f  N - t -b u ty l-O -4 -n i t ro te n z o y lb e n z o h y d ro x a m ic  a c id  ( e x p t .  2 ) .

E x c e p t  t h a t  2 m o le s  e q u i v .  o f  p y r i d i n e  was u s e d .  The c r u d e

r e a c t i o n  p ro d u c t ,  an amber o i l ,  was f u r t h e r  p u r i f i e d  by f l a s h

chrom atography (SiO^, e t h y l  a c e t a t e / p e t .  e t h e r  60-80 20 : 80) t o

g iv e  N -a l ly l -N -b e n z o y  1 -0 -benzoy lhyd roxy lam ine  a p a le  amber o i l

which showed a s i n g l e  s p o t  on t . l . c ,  (3 .20  gms, 61% based upon

h y d r o c h lo r id e ) .

-1
IR (v  cm , n e a t ) :  3064-3031 (CH a r a n a t l c  s t r . ) ,  2986-2850 (CH 

a l i p h a t i c  s t r . ) ,  1762 s  (C=0 e s t e r  s t r . ) ,  1674 s  (C=0 am ide
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s t r . ) ,  1601 (C=C a ro m a tic  s t r . ) .

^H-nmr ( 5  ppm, CDCI3 ):  4. 3 0 -4 .  47 (m o r  d d ,  2H, -N -C H ^ -) ,

5 .0 5 -5 .3 0  (m, 211, -N-Ci^-CHCH^), 5 .8 4 -6 .0 0  (m, IH,

-N-CH^-CH^CH^), 7 .1 0 -7 .9 5  (m, lOH, Ar-H).

Mass spectrum  (m/z 70eV): M^(281, 33%), lOlfPhCO-NH-CHg-CH^CHg^), 

122 (base  p e a k ) ,  105 (PhCO+, 99%).

E lem en ta l  a n a l y s i s ;  Found C, 7 1 .8 ;  H, 5 .0 8 ;  N, 5.20%. ^ 2 7 ^ 1 5 ^ 3

r e q u i r e s  C, 7 1 .3 ;  H, 5 .5 8 ;  N, 5.20%.

29. P r e p a r a t i o n  o f  N -a lly lbenzohydroxam ic  a c id

0 0  O
PhC—r^dph —-  PhC— N— OH

The t i t l e  compound was p re p a re d  u s in g  a p ro ced u re  s i m i l a r  to  

t h e  p r e p a r a t i o n  o f  N - t -b u ty l-4 -n i t ro b e n z o h y d ro x a m ic  a c id  (ex p t .  

3 ) .  The e th a n o l /w a t e r  l a y e r  was e x t r a c t e d  w ith  CHCl^ (3 x 100 

cm ) ,  th en  th e  o r g a n ic  l a y e r  was d r i e d  o v e r  anhydrous sodium 

s u lp h a t e ,  f i l t e r e d  and s o lv e n t  removed under reduced p r e s s u r e .  

The r e a c t i o n  p ro d u c ts  were s e p a r a te d  by f l a s h  chrom atography 

(S iO ^ ,  C H ^ C l^ /e th y l  a c e t a t e  75 : 25) t o  g i v e  a c r u d e  y e l l o w  

s o l i d ,  (0 .87  gms, 77%), mpt. 50-52°C. R e c r y s t a l l i z a t i o n  from 

C C l^ /p e t .  e t h e r  40-60 gave th e  hydroxamic a c id  a s  a w h i te  powder 

(420 mg, 37%), mpt. 54-56^C.

IR (v cm n u j o l ) :  3184 ( b r . s  OH s t r . ) ,  1606 s  (C=0 amide s t r . ) ,  

1596 (C=C a ro m a tic  s t r . ) .
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^H-nmr (5  ppm, CDCI3 ): 4 .1 0 -4 .4 0  (d, 211, -N-CH^-), 5 .1 0 -5 .5 0  (m

o r  dd , 2H, -N-CH.-CHCH.), 5 .5 5 -6 .4 5  (m, HI, -N-CM_-CH=CH_),z —z z — z

7 .0 5 - 7 .9 5  (m, 5M, Ar-H).

Mass spec trum  (m/z, 70eV): M̂  (177 ),  176( M̂  -  H), 161 (M  ̂ -  O), 

105 (base  peak , PhCO^).

30. P r e p a r a t io n  o f  N-( 1 -a d a m a n ta n e c a rb o n y l) -N -a l ly l -O -b e n z o y l­

hydroxy lam ine .

^  CO

^OCOPh

The t i t l e  compound was p rep a re d  u s in g  a s i m i l a r  p rocedu re  t o

th e  p r e p a r a t i o n  o f  O -b e n z o y l-N - t-b u ty l-4 -n i t ro b e n z o h y d ro x a m ic

a c id  (e x p t .  2 ) .  R e c r y s t a l l i z a t i o n  from CH ^Cly 'pet. e t h e r  40-60

gave th e  t i t l e  compound, (1 .48  gms, 93%), mpt. 80-82°C.
-1

^  ( Vcm , n u j o l ) :  1768 s  (C=0 e s t e r  s t r . ) ,  1651 s  (C=0 amide 

s t r . ) ,  1600 (C=C a ro m a tic  s t r . ) .

^H-nmr ( 6 ppm, CDCI3 ) : 1 .4 5 -2 .2 5  (two s ,  15H, Ad hyd rogens) ,  

4 .3 0 -4 .5 5  (d, 2H, -N-CH^-), 4 .9 5 -5 .4 5  (dd, 2H, -N-CH^-CHCH^) / 

5 .5 0 -6 .1 5  (m, IH, -N-CH^-CH=CH^), 7 .2 5 -8 .2 5  (m, 5H, Ar-H). 

E lem en ta l  a n a l y s i s : Found C, 73 .86 ;  H, 7 .5 2 ;  N, 3.6% ^21^25^^3 

r e q u i r e s  C, 74 .34 ;  H, 7 .3 8 ;  4.13%.

Mass spectrum  (m/z 35eV) : no M p r e s e n t ,  219 (AdC0NH-CH^-CH=CH2 , 

4%), 163 (AdCO" ,̂ 1.6%), 135 (base  peak . Ad'*’).
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3 1 .  P r e p a r a t io n  o f  N - ( l - a d a m a n t a n e c a r b o n y l ) - N - a l l y ] h y d r o x y l a m in e .

A d C - N ^ ° "
^OCOPh

The t i t l e  compound was p re p a re d  u s in g  a p ro ced u re  s im i la r  to  

th e  p r e p a ra t io n  o f  N -t-b u ty l-4 -n itro b e n z o h y d ro x a m ic  a c id  (e x p t.

3 ) .  R e c r y s t a l l i z a t io n  from C H ^C l^/pet. e th e r  40-60 gave 

hydroxam ic a c id  a s  a w h ite  c r y s t a l l i n e  s o l i d ,  (0 .49  gms, 48%), 

m pt. 103-105°C.

IR ( vcm  , n u jo l ) :  3139 ( b r . s  OH s t r . ) ,  1586 (C=0 amide s t r . , 

lo w e s t r e p o r te d  C=0 s t r . ) .

^H-nmr ( 6 ppm, CDCl^)* 1 .6 0 -2 .2 0  (d , 15H, Ad-H), 4 .2 0 -4 .4 5  (d ,

2H, -N-CH^-), 5 .0 5 -5 .5 0  (dd , 2H, -tJ-CH^-CHCH^), 5 .6 0 -6 .2 0  (m,

IH, -N-CH^-CH=CH^).
2 —  2

E lem en ta l a n a l y s i s : Found C, 7 1 .1 9 ; H, 8 .9 3 ; N, 5.74% 

r e q u i r e s  C, 7 1 .4 9 ; H, 8 .9 3 ; N, 5.96%.

Mass spectrum  (m/z 35eV) : no p r e s e n t ,  219 (AdC0NH^H2CH=CH^^)  ̂

163 (AdCO^), 135 (b ase  p eak , Ad^).

32. P re p a ra tio n  o f  N -benzy l-O -benzoy lhydroxy lam ine h y d ro c h lo r id e .

Bzl—NHj —^  Bzl—NHOCOPli • HGI

The t i t l e  compound was p re p a re d  u s in g  s im i la r  p ro ced u re  to
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th e  p r e p a r a t io n  of. N-a 11 y 1 -O-bcnzoy 1 hydroxy 1 amine h y d ro c h lo r id e  

( e x p t .  2 7 ) .  R e c r y s t a l l i z a t i o n  from  e th a n o l  g a v e  th e  t i t l e

compound a s  a w h ite  pow der, (2 .80  gms, 11%), m pt. 135-137°C ( ] i t .
79 o 

m pt. 141 C ).
—1

IR (v cm , n u jo l ) :  1764 (C=0 e s t e r  s t r . ) .

^H-nm r : nmr c o u ld  n o t  be r e c o r d e d  d ue  t o  in  s o l u b i l i t y  in  

o rg a n ic  d e u te re o  s o lv e n ts  and i n s t a b i l i t y  in  D^O.

E lem en ta l a n a ly s i s : Found C, 6 3 .6 9 ; H, 5 .5 7 ; N, 5.35%

C14H14NO2CI r e q u i r e s  C, 6 3 .7 1 ; H, 5 .3 1 ; N, 5.31%.

33. P re p a ra tio n  o f  N -benzoy l-N -benzy l-O -benzoy lhydroxy lam in e .

/OCOPh
Bzl-NHOCOPh-HCI —  B zl-N

''COPh

The t i t l e  compound was p re p a re d  by a p ro ced u re  s im i la r  to

th e  p r e p a r a t io n  o f  N -a lly l-N -b en zo y l-O -b en zo y lh y d ro x y lam in e

(e x p t .  2 8 ). R e c r y s t a l l i z a t io n  from  CCl^ gave N -benzoy l-N -benzy l-

0 -benzoy lhyd roxy lam ine  a s  a w h ite  c r y s t a l l i n e  s o l i d ,  (1 .3 0  gms,

40%), m pt. 86- 88°C.
-1

IR cm , n u jo l ) :  1762 (0=0 e s t e r  s t r . ) ,  1630 (0=0 amide s t r . ) ,  

1598 (0=0 a ro m a tic  s t r . ) .

^H-nmr (5  ppm, ODOl^) : 5 .05  ( s ,  2H, -N-OH ^-), 7 .1 5 -8 .2 5  (m, 5H, 

A r-H ).

E lem en ta l a n a ly s i s : Found 0 , 7 6 .5 0 ; H, 6 .1 3 ; N, 4.02% ^21^17^^3

r e q u i r e s  0 , 7 6 .1 3 ; H, 5 .1 4 ; N, 4.25%.
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34. P re p a ra tio n  o f  N -benzylbenzohydroxam ic a c id .

The t i t l e  compound was p rep a re d  u s in g  a s im i la r  p ro ced u re  to

th e  p r e p a ra t io n  o f  N -a lly lb en zo h y d ro x am ic  a c id  (e x p t. 2 9 ).

R e c r y s t a l l i z a t io n  frcxn e th e r  40-60 gave th e  t i t l e

compound a s  a w h ite  c r y s t a l l i n e  s o l i d ,  (0 .400  gms, 55%), m pt.

98-100°C . ( l i t .  mpt.®'* 99- 101°C)
-1

IR ( V cm , n u jo l ) :  3268 (max. OH s t r . ) ,  3062 (CH a ro m a tic  s t r . ) ,  

1627 (0=0 amide s t r . ) .

^H-nmr (6 ppm, ODOl^) : 4 .80  ( s ,  2H, -N -0 ^ ^ - ) , 7 .0 5 -7 .7 5  (m, lOH, 

A r-H ).

35 ._____ P re p a ra tio n  o f  N -n -p ropy l-O -benzoy lhyd roxy lam ine

h y d ro c h lo r id e .

CHjCHjCHjNH. CHjCH^CHj NHOCO Ph- HCl

The t i t l e  compound was p re p a re d  u s in g  a s im i la r  p ro ced u re  to  

th e  p re p a r a t io n  o f  N -a lly l-O -b e n z o y lh y d ro x y lam ine h y d ro c h lo r id e  

( e x p t .  2 7 ) .  R e c r y s t a l l i z a t i o n  from  e th a n o l  g av e  th e  t i t l e  

compound a s  a w h ite  c r y s t a l l i n e  s o l i d ,  (1 .80  gms, 8.4% ), m pt. 

128-129°C ( l i t .  m p t.’ ^ 129°C).

IR ( vcm n u jo l ) :  3065-3034 (CH a ro m a tic  s t r . ) ,  2967-2877 (Oil 

a l i p h a t i c  s t r . ) ,  1767s (C=0 e s t e r  s t r . ) ,  1668 s  (C=0 amide s t r . ) ,  

1600 (C=C a ro m a tic  s t r . ) .
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^H-nmr ( g ppm, CDCI3 ): 0 .9 0 -1 .2 0  ( t ,  311, -N-CH^-CH^-CH^ ),

1 .4 5 -2 .1 0  ( s e x t e t ,  2H, -N-CH^-CH^-CII^), 3 .7 0 -4 .0 0  ( t ,  2H,

-N-Cli^-CH^-CH^), 7 .0 5 -8 .2 5  (m, lOH, A r-H ).

36. P re p a ra tio n  o f  N -benzoy l-N -n -p ropy l-Q -benzoy lhyd roxy lam ine .

CHjCHjCHj NHOCO PIv HCl —-  CHjCĤ CĤ N
/CO

"^OCOPh

The t i t l e  compound was p re p a re d  u s in g  a p ro ced u re  s im i la r  to  

th e  p r e p a r a t io n  o f  N -a lly l-N -b en zo y l-O -b en zo y lh y d ro x y lam in e . 

F la sh  chrom atography (SiO^, e th y l  a c e t a t e / p e t .  e th e r  40-60 

40 : 60) o f  th e  r e a c t io n  m ix tu re  gave N -benzoy l-N -n -p ropy l-O - 

-benzoy lhyd  roxy 1amine a s  a c o lo u r le s s  v isc o u s  o i l  (1.10  gms, 

97%).

IR (V cm"^, n u jo l ) :  3065-3034 (CH a ro m a tic  s t r . ) ,  2967-2877 (CH 

a l i p h a t i c  s t r . ) ,  1767 s  (C=0 e s t e r  s t r . ) ,  1668 s  (C=0 am ide  

s t r . ) ,  1600 (C=C a ro m a tic  s t r . ) .

^H-nm r ( 6 ppm, CDCI3 ) : 0 . 9 0 - 1 .2 0  ( t ,  3H, -N-CH2-CH-CH^^ ) ,

1 .4 5 -2 .1 0  ( s e x t e t ,  2H, -N-CH^-CH^-CH^) , 3 .7 0 -4 .0 0  ( t ,  2H,

-N-CH^-CH^-CH^), 7 .0 5 -8 .2 5  (m, lOH, A r-H ).

37. P re p a ra tio n  o f  N -n-propy lbenzohydroxam ic a c id .

/ C O - / r  /OH
CH,CH,CH,N X h V  CH,CH,CH,-N

' ôcoph N:opii

The t i t l e  compound was p rep a re d  u s in g  a p ro ced u re  s im i la r  to  

th e  p r e p a r a t io n  o f  N -a lly lbenzohyd roxam ic  a c id  ( e p t .  29 ). F lash

chrom atography (SiO ^, p e t .  e th e r  6 0 -8 0 /e th y l  a c e ta te  80 : 20 ) o f
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c r u d e  p r o d u c t  g a v e  th e  hydroxam ic a c i d  a s  a w h i t e  s o l i d ,  ( 0 .3 1

gms, 42%), mpt. 66- 68°C ( l i t .  m p t.^ °  66-69°C ).
-1

IR  ( V cm , n u j o l ) :  3192 (OH s t r . ) ,  2 9 6 4 -2880  (CH a l i p h a t i c  

s t r . ) ,  1614 s  (C=0 amide s t r . ) ,  1575 (C=C s t r . ) .

^H-nm r ( ppm, C D C l^): 0 .8 5 - 1 .1 0  ( t ,  3H, -N-CH^-CH^-CH^ ) ,

1 .3 0 -1 .9 5  ( s e x t e t ,  2H, -N-CH^-CH^-CH^), 3 .4 0 -3 .7 0  ( t ,  2H,

-N-CH^-CH^-CH^), 6 .9 0 -7 .8 5  (m, 5H, A r-H ).

38. O n e -e le c tro n  o x id a t io n  o f  N -a lly lbenzohyd roxam ic  a c id .

n ./O -  o
P . . C - N - O H  PhCQN, ^  P h ^ _ N

N -A lly lbenzohydroxam ic a c id  (103 mg, 0 .58  irmole) was tak en  

up in  m ethy lene c h lo r id e  (50 cm^) c o n ta in in g  s i l v e r  o x id e  (271 

mg, 1 .2  mmole) and  a n h y d ro u s  so d iu m  s u l p h a t e  (517 mg, 3 .6 4  

m m ole). The s o l u t i o n  was s t i r r e d  a t  room  t e m p e r a tu r e  f o r  6 

h o u rs . The r e a c t io n  showed, upon t . l . c .  in s p e c t io n ,  th e  com plete  

d isa p p e a ra n c e  o f  th e  s t a r t i n g  m a te r ia l  and th e  p re se n c e  o f  two 

m ain com ponents. The in o rg a n ic  s o l i d s  were removed from  th e  

r e a c t io n  m ix tu re  by f i l t r a t i o n  th ro u g h  c e l i t e .  Then th e  s o lv e n t  

was removed under reduced  p r e s s u re  t o  y i e ld  an amber o i l  (75 mg). 

T . l . c .  (SiO^, CHCl^/MeOH 9 : 1 )  showed two s p o ts ;  more p o la r  Rf

0 .6 5 , l e s s  p o la r  Rf 0 .7 9 . F la sh  chrom atography (SiO^, p e t .  e th e r  

6 0 -8 0 /e th y l  a c e t a te  87 .5  : 12 .5 ) o f  r e a c t io n  m ix tu re  gave two

com ponents.

More p o la r  f r a c t i o n  (35 .3  m g).

IR ( v cm "^ ^  n e a t ) :  3064 (CH a r o m a t ic  s t r . ) ,  2 9 0 5 -2 9 2 0  (CH
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a l i p h a t i c  s t r . ) ,  1763 s  (C=0 e s t e r  s t r . ) ,  J662  s  (C=0 am ide 

s t r . ) ,  1601 (C=C a ro m a tic  s t r . ) .

^H-nmr ( 6 ppm, CDCI3 ): 4 .3 0 -4 .4 7  (d , 2H, -N -CH ^-), 5 .0 5 -5 .3 0  (m, 

2H, -N-CH^CH=CH^), 5 .8 4 -6 .0 0  (m, IH, -N-CH^Cn=CH^), 7 .1 0 -7 .9 5  Cm, 

lOH, A r-H ).

L ess p o la r  f r a c t i o n  (7 .7  mg)

- 1
IR ( V cm , n e a t ) :  3085 (CH a r o m a t ic  s t r . ) ,  2 9 2 1 -2 8 5 2  (CH 

a l i p h a t i c  s t r . ) ,  1642 s  (C=0 amide s t r . ) ,  1603 (C=C a ro m a tic  

s t r . ) .

^H-nmr ( 6 ppm, CDCI3 ): 4 .12  ( s ,  2H, -N -C H ^-), 5 .1 7 -5 .3 2  ( t ,  2H,

do n o t known), 5 .8 9 -5 .9 7  (m, IH, -N-CH^-CH=CH_), 6 .0 0 -6 .2 0  ( b r . s ,
2 —  2

IH, -NH-)

S t r u c tu r e  shows PhCONHCH^CH=CH  ̂ a lth o u g h  s p e c t r a l  a ssignm en t i s  

n o t c o n c lu s iv e .

39. O n e -e le c tro n  o x id a t io n  o f  N -(1-adam an tanecarbony1 )- N - a l l y l -  

hydroxy lam ine .

n /O H  O o
AdC—N —_ AdC—N— Ad(t—N—Q

O x id a tio n  o f  t i t l e  ccxrpound was c a r r ie d  o u t u s in g  a s im i la r  

p ro ce d u re  to  th e  o x id a t io n  o f  N -a lly lbenzohyd roxam ic  a c id  (e x p t. 

3 8 ) .  The r e a c t i o n  m ix tu r e  sh o w ed , upon t . l . c .  (S iO  , e t h y l  

a c e t a t e / p e t .  e th e r  40-60 25 : 75) in s p e c t io n ,  th e  p rese n c e  o f  two

main com ponents. ^H -N .m .r. shows one main com ponent, w ith  no
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p r e s e n c e  o f  r i n g  compound. The main component i s  m ost l i k e l y

AdCON(allyl)-OCOAd.
— 1

IR ( V cm , n e a t ) :  2958-2927 (CH a l i p h a t i c  s t r . ) ,  1720 s  (C O  

e s t e r  s t r . ) ,  1644 s  (C O  amide s t r . ) .

^H-nmr ( -6ppm, CDCl^): 1 .8 0 -2 .1 0  (two s ,  30H, 2 Ad-H), 4 .2 5 -4 .3 5  

(d , 2H, -N-CH^-), 5 .30  (u n d efin ed  d , 2H, -N-CH^-CHOH^), 5 .0 -6 .1 0  

(m, IH, -N-CH^CHOH^).

Tim e d id  n o t  p e r m i t  th e  p u r i f i c a t i o n  of^  compound t o  a l lo w  

e le m e n ta l a n a ly s i s  and mass spectrum  a n a ly s i s .

40. P re p a ra tio n  o f  b e n z a lp h th a l id e .

CHPh

The t i t l e  compound was p re p a re d  a c c o rd in g  to  th e  method by 

R. W eiss.

P h th a l ic  a n h y d rid e  (su b lim ed , 65 gms, 0 .4 4  m o le ), 

p h e n y la c e t ic  a c id  (71 gms, 0 .52  m ole) and sodium  a c e t a te  (1 .69  

gms, 0 .22  m ole) was p la c e d  in  th e  f la s k  o f  th e  norm al 

d i s t i l l a t i o n  s e t - u p .  The f la s k  was h e a te d  u n t i l  th e  tem p e ra tu re  

r e a c h e d  230°C , th e n  th e  t e m p e r a tu r e  was r a i s e d  s lo w ly  u n t i l  

d i s t i l l a t i o n  o f  w a te r  o f  c o n d e n sa tio n . The w a te r  was c o l le c te d  

in  a sm all v e s s e l  and i t s  q u a n ti ty  no ted  from tim e to  tim e in  

o r d e r  to  m o n ito r p ro g re s s  o f  th e  r e a c t io n .  The o p e ra t io n  was 

conducted  so  t h a t  th e  tem p e ra tu re  ro se  from 230°C to  240°C o v e r 2 

h o u r s .  The m ix tu r e  was th e n  m a in ta in e d  a t  240°C u n t i l  th e  

d i s t i l l a t i o n  o f  w a te r  ceased  ( t h i s  r e q u ire d  ab o u t one a d d i t io n a l
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h o u r) . A brown re s id u e  r e s u l te d .  A t e s t  p o r t io n  was t r e a te d

w i th  a l i t t l e  e th a n o l  fo l lo w e d  by b o i l i n g  (when r e a c t i o n  i s

com plete  th e  m a te r ia l  d i s s o lv e s  r e a d i ly ) .

l Ĵhen r e a c t io n  was com plete  th e  r e a c t io n  m ix tu re  was co o led

to  90-95°C, and d is s o lv e d  in  a b s o lu te  e th a n o l  (400 cm^). The
t h e

s o lu t io n  was th en  f i l t e r e d  frcxn in o rg a n ic  r e s id u e  and allow ed  to
A

co o l when y e llo w  c r y s t a l s  o f  c rude  b e n z a lp h th a l id e  s e p a ra te d ,

m pt. 87 -91°C, (95 .05  gms, 43%). R e c r y s t a l l i z a t io n  from e th a n o l

gave pu re  m a te r ia l  (88 .80  gms, 40%), m pt. 99-100°C ( l i t .  r rp t.^ ^ ^

100-101°C).
-1

^  ( V cm , n u jo l ) :  1774 s  (C=0 e s t e r  s t r . ) ,  1657 s  (c o n j. C=C 

s t r . ) ,  1606 (C=C a ro m a tic  s t r . ) .

^H-nmr (5 ppm, CDCl^): 6 .0 5  ( s ,  IH, -C C H -) , 6 .8 0 -7 .7 5  (m, 9H, 

A r-H ).

41. P re p a ra tio n  o f  3 -b e n z y Ip h th a l id e .

CHPh CH^Ph

The t i t l e  compound was p rep a re d  by th e  method o f  W. T re ib  e t

A m ix tu re  o f  p o tass iu m  hyd rox ide  (11 .25  gms, 0 .20  m ole) and 

b e n z a lp h th a l id e  (30 .00  gms, 0 .135  m ole) was d is s o lv e d  in  w a te r  

(66 cnn^), fo llow ed  by a f u r t h e r  a d d i t io n  o f  KOH (7 .5  gms, 0 .134 

m o le ). The s o lu t io n  was h e a ted  to  b o i l in g  and z in c  powder (9 .38  

gm s, 0 .1 4 4  m o le ) was th e n  added  w i th  s t i r r i n g .  A f t e r  th e
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s o lu t io n  had l o s t  i t s  c o lo u r  i t  was f i l t e r e d  to  remove r e s id u a l

Zn d u s t  and th e  c rude  t i t l e  compound, a g re e n /w h ite  o i l y  s o l id  (+

tra p p e d  w a te r ) ,  (32.01 gms, 112%) was p r e c ip i t a t e d  w ith  HCl.

R e c r y s ta l l i z a t io n  u s in g  p ro p a n -2 -o l (a s l i g h t  e x c ess  was re q u ire d
a

t o  a llo w  slow c r y s t a l l i z a t i o n )  gave w h ite  c r y s t a l l i n e  s o l i d ,
/

23 .82  gms, 79%), m pt. 57-59 C (no l i t .  m pt. r e c o rd e d ) .

MB. th e  Zn r e a c t io n  was m on ito red  by th e  rem oval o f  red  c o lo u r

from  s o lu t io n  to  an e n d -p o in t  o ra n g e /re d  c o lo u r a t io n .
-1

IR ("̂  cm , n u jo l ) :  1751 s  (C=0 l a c to n e  s t r . ) ,  1599 (C=C a ro m a tic  

s t r . ).

^H-nmr ( gppm, CDCl^): 2 .9 0 -3 .3 0  (d , 2H, -CH ^-Ph), 5 .3 0 -5 .7 0  ( t ,

IH, -CH-CH -P h ) , 6 .7 0 -8 .0 0  (m, 9H, A r-H ).
—  2

42. P re p a ra tio n  o f  t r a n s - s t i l b e n e - 2 - c a r b o x y l i c  a c id .

:HzPh

o
The t i t l e  compound was p re p a re d  by th e  method o f W. T re ib  e t  

a l^ ^ ^  and G.G. Booth and A .F . T u rn e r.

A s o lu t io n  o f  3 -b e n z y lp h th a lid e  (20 gms, 0 .089 m oles) in  

w a te r  (3 1 .3  cm^) and e th a n o l  (31 .3  cm ) was tak en  to  d ry n ess  by 

d i s t i l l a t i o n  under norm al a tm o sp h e ric  p r e s s u r e .  The re s id u e  was 

th en  h e ld  a t  100°C/15 mmHg f o r  one h o u r, th en  th e  tem p e ra tu re  

r a is e d  to  200^C/15 mmHg f o r  4 h o u rs . The c ru d e  t i t l e  compound, 

an o ra n g e /y e llo w  s o l i d ,  (20.31 gms, 102%), m pt. 148-155^C was 

reco v e red  by a c i d i f i c a t i o n  o f  an aqueous s o lu t io n  o f  th e  re s id u e  

u s in g  conc. HCl. R e c r y s ta l l i z a t io n  from C C l^ /tra c e  o f
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p ro p a n -2 -o l  gave w h ite  powder, (13 .93  gms, 70%), m pt. 155-157°c

( l i t .  160-162°C ).
-1

IR (v  cm , n u jo l ) :  3385 s  ( b r . s  OH s t r . ) ,  1677 (C=0 a r y l  s t r . ) ,  

1628 m (c o n ju g a te d  C=C s t r . ) .

^H-nmr (6 ppm, CDCI3 ): 6 .7 5 -7 .0 5  (d , IH, -€=CH-Ph), 7 .0 5 -8 .1 0  (m, 

lOH, Ar-H and HCO^-Ar-CH=CH-), 8 .3 0 -9 .0 0  ( b r . s ,  IH, -CO^H).

43. P re p a ra tio n  o f  t r a n s - s t i l b e n e - 2 - c a r b o x y l i c  a c id  c h lo r id e .

The t i t l e  compound was p re p a re d  u s in g  a s im i la r  p ro ced u re  t o  

th e  p r e p a ra t io n  o f  1-ad a m an ta n e ca rb o x y lic  a c id  c h lo r id e  (e x p t.

4 ) ,  e x c e p t t h a t  th e  r e a c t io n  tim e was 32 h o u rs . 

R e c r y s t a l l i z a t io n  from  to lu e n e  gave a w h ite  c r y s t a l l i n e  s o l i d ,

(1 .1 5  gras, 95%), rapt. 55-57°C ( l i t .  m pt.^®^ 56-57°C)
-1

IR (v  cm , n u jo l ) :  1775 s  (C O  s t r . ) ,  1631 m (c o n j. C O  s t r . ) ,  

1597 (C O  a ro m a tic  s t r . ) .

^H-nm r ( 6  ppm, C D C l^): 7 .4 3 - 7 .5 5  ( d ,  IH , J= 16H z, -C = C H -Ph), 

7 .6 5 -8 .2 5  (m,10H,Ar-H and Ar-CHOH-Ph).

44. P re p a ra tio n  o f  N - ( t r a n s - s t i l b e n e - 2 - c a r b o n y l ) ^ - t - b u t y l - 0 -  

benzoy lhyd roxy lam ine .

COCI j/^NOCOPh 
Bu

The t i t l e  compound was p rep a re d  u s in g  a p ro ced u re
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s im i la r  to  th e  p r e p a r a t io n  o f  N - t-b u ty l-O -b e n z o y I-4 -n itro b e n z o -  

hydroxam ic a c id  (e x p t. 2 ) . R e c r y s t a l l i z a t io n  from CH2C l2/ p e t .  

e th e r  60-80 gave N - ( t r a n s - s t i lb e n e - 2 - c a r b o n y l ) - N - t - b u ty l - 0 -  

benzoy1hyd roxy1ami ne a s  a w h ite  s o l id  (1 .7 0  gms, 64%), m pt. 139- 

141°C.
-1

^  (v cm , n u jo l ) :  1763 s  (C=0 e s t e r  s t r . ) ,  1668 s  (C=0 amide 

s t r .  s h o u ld e r  on c a rb o n y l peak due to  co n ju g a ted  C=C s t r . ) ,  1598 

m (C=C a ro m a tic  s t r . ) .

^H-nmr (6 ppm, CDCl^): 1 .65  ( s ,  9H, B u^), 7 .0 0 -7 .8 0  (m, 16H, Ar-H 

and Ph-H).

Mass spectrum  (m /z, 35eV): 399 (M^, 9 .3% ), 221 (Ar-CO-N^), 207 

(b ase  peak , ArCO^), 57 (M  ̂ -  342, Bu^).

E lem en ta l a n a ly s i s : Found C, 7 8 .2 0 ; H, 6 .4 2 ; N, 3.41%. ^26^25^^3

r e q u i r e s  C, 7 8 .2 0 ; H, 6 .2 5 ; N, 3.51%.

45, H y d ro ly s is  o f  N - t -b u ty l- N - ( t r a n s - s t i lb e n e -2 -c a rb o n y l) -O - 

benzoylhydroxy lam ine  by h y d raz in e  h y d ra te  in  th e  p re se n c e  o f  a i r .

h
HOQ

Bu

Ph

Bu

/^^NOCOPh 
Bu
A ttem pted p r e p a r a t io n  o f  N - t - b u ty l - N - ( t r a n s - s t i lb e n e - 2 -  

ca r  bony 1 ) hyd roxy lam ine employed a s im i la r  p ro ced u re  to  th e  

p r e p a r a t io n  o f  N - t-b u ty l-4 -n itro b e n z o h y d ro x a m ic  a c id  (e x p t. 3 ) .  

Except s e p a r a t io n  in v o lv ed  e x t r a c t io n  in to  b e n z e n e /e th e r , ' 

fo llo w ed  by rem oval o f  s o lv e n t  under reduced  p r e s s u r e .  T . l . c .  o f  

th e  r e s u l t i n g  v isc o u s  gum ( 2.1  gms) showed th re e  s p o ts .  

S e p a ra t io n  by f la s h  chrom atography (SiO ^, e th y l  a c e t a t e / p e t .
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e t h e r  6 0 -8 0  40 : 60) g a v e  a s  se c o n d  f r a c t i o n  ( 0 .5  gms) a 

c o lo u r le s s  gum w hich, on p ro longed  t re a tm e n t  w ith  C H C l^/pentane 

gave a s o l id  h y d ro p ero x id e  (105 o r  106), m pt. 138-140°C. 

c o n c e n tra t io n  o f  th e  m other l iq u o r  gave a second c ro p  o f  low er 

m e ltin g  m a te r ia l  (105 o r  106) (mpt. 121°C).

H ydroperoxide (h ig h  m e ltin g  p o i n t ) .
-1

IR ( V cm , n u jo l ) :  3212 (00 -H s t r . ) ,  1650 s  (C=0 amide s t r . ) ,  

1603 (C=C a ro m a tic  s t r . ) .

^H-nmr ( g ppm, CDCl^): 1 .65  ( s ,  9H, B u^), 5 .34  ( s ,  2H, -CH-CH-) ,  

7 .0 0 -8 .0 0  (m, 9H, A r-H ), 8 .33  (b r .  s ,  IH, OOH).

E lem en ta l a n a ly s i s  : found C, 6 9 .7 4 ; H, 6 .4 7 ; N, 4.19%. 

C19H21NO4 r e q u i r e s  C, 6 9 .7 4 ; H, 6 .4 2 ; N, 4.28%.

Mass spectrum  (m /z, C l - is o b u ta n e ) : no M  ̂ p eak , 313 (M  ̂ -  H, 1%), 

311 (Ar-OH*^, 3.8% ), 310 (Ar-o"^, 15%), 254 (6.39% ), 204 (base  

p e a k , 100%).

Mass spectrum  i n t e r p r e t a t i o n  was t e n t a t i v e .

H ydroperoxide (low m e ltin g  p o i n t ) .
-1

jHR (v C3n , n u jo l ) :  same a s  h y d ro p ero x id e  (h ig h  m p t.) .

IH-nmr ( 6 ppm, CDCl^): 1 .65  ( s ,  9H, B u^), 5 .1 0 -5 .6 0  ( q u a r te t  o r  

dd , 2H, -CH-CH-), 7 .0 0 -8 .0 0  (m, 9H, S t i lb e n e -H ) ,  8 .33  ( b r . s ,  IH, 

OOH).

E lem en ta l a n a ly s i s : Found C, 6 9 .6 5 ; H, 6 .4 8 ; N, 4.16%. ^ 2 9 ^ 2 1 ^ 4

r e q u i r e s  C, 6 9 .7 4 ; H, 6 .4 2 ; N, 4.28%.

Mass spectrum  (m /z, C l- is o b u ta n e )  : same a s  h y d roperox ide  (h igh  

m p t . ).
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4 6 .  P r e p a r a t io n  o f  N - t - b u t y l - N ( t r a n s - s t i l b e n e - 2 - c a r b o n y l h y d r o x y l -

a m in e .

C — N

N -t-B u ty l-N  ( t r a n s - s t i lb e n e - 2 - c a r b o n y l  )-0 -b enzoy lhyd roxy lam ine  

( 3 ,7 5  gm s, 9 .4 0  m m ole) was a d d ed  t o  a s o l u t i o n  o f  so d iu m  

m ethoxide (4 .28  gms, 0 .080  m ole) in  MeOH (25% s o lu t io n )  in  90 cm^ 

a b s o lu te  e th a n o l  ta k in g  c a re  to  d e g a ss  th e  s o lu t io n  c o n tin u o u s ly  

w ith  argon  and k eep ing  th e  r e a c t io n  te m p e ra tu re  below 10° c  (w ith  

ic e /w a te r  b a th ) .  A f te r  s t i r r i n g  f o r  1 1 /2  h o u rs , th e  r e a c t io n  

was e x tr a c te d  w ith  e th e r  (d r ie d  and d e g a sse d ) (3 x 50 cm^). The 

p o r t io n s  w ere combined and s o lv e n t  removed under reduced  p re s s u re  

t o  g iv e  a p a le  y e llo w  o i l .  R e c r y s t a l l i z a t io n  f r a n  C C l^ /pen tane  

u n d er argon  gave th e  t i t l e d  hydroxam ic a c id  (0 .70  gms, 24%), m pt. 

63-68°c. The p ro d u c t was k e p t u nder vacuum in  a d e s ic c a to r .  The 

p ro d u c t undergoes o x y g e n a tio n  in  s o lv e n ts  and a l s o  in  s o l id  form , 

t h e r e f o r e  m ust be k e p t in  argon  a tm osphere  a f t e r  d ry in g .

IR ( v c m -1 , n u jo l ) :  i . r .  cou ld  n o t be rec o rd e d  s in c e  compound 

u n d e r went o x id a t io n  in  o p e ra t io n  tim e .

E lem en ta l a n a ly s i s  can  n o t be done due to  o x id a t io n  to  

h y d ro p ero x id e .

^H-nmr ( 6 ppm, CDCl^): 1 .29  ( s ,  9H, B u^), 7 .0 0 -7 .6 5  (m, IIH ,

s t i ’lb en e -H ), 8 .2 5  (b r .  s ,  IH, N-OH).

The ^H -n .m .r. o f  th e  t i t l e  hydroxam ic a c id  l e f t  in  CDCl^ in  

th e  p re se n c e  o f  a i r  f o r  2 days showed th e  ap p earan ce  o f  a s i n g l e t
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a t  ô (5 .34  ppm) and a q u a r te t  a t  6 (5 .1 0 -5 .6 0  ppm). T h is  was

in d ic a t iv e  o f  th e  fo rm a tio n  o f  hyd ro p ero x id e  p ro d u c ts  (see  e x p t.  

4 5 ).

47. S eco n d -o rd e r r a t e  c o n s ta n ts  o f  a c y l n i t r o x id e s  produced by 

th e  p h o to ly t ic  hydrogen a b s t r a c t io n  o f  N -prim ary  a lky lhyd roxam ic  

a c id s .

E . s . r .  can be used to  fo llo w  th e  g e n e ra tio n  o r  d is a p p e a r ­

ance o f  r a d i c a l s  d u r in g  a r e a c t io n  by fo llo w in g  th e  i n te n s i t y  o f  

th e  e . s . r .  s ig n a l .  At a g iv en  f re q u e n c y  and c o n s ta n t  a p p lie d  

m agnetic  f i e l d ,  th e  i n t e n s i t y  o f  th e  en erg y  abso rbed  in  resonance

i s  p r o p o r t io n a l  to  th e  c o n c e n tra t io n  o f  r a d i c a l  s p e c ie s .  In
the

o r d e r  to  d e te rm in e  th e  p r o p o r t io n a l i ty  c o n s ta n t  and o b ta i r ^ e x a c t  

c o n c e n t r a t io n ,  a com parison  w ith  a s e p a r a te  s ta n d a rd  r a d ic a l  

sam ple was made. The s t a b l e  c r y s t a l l i n e  n i t r o x id e  4 - (g -n a p h th y l-  

p r o p io n y l ) - 2 , 6- te t r a m e th y lp ip e r id in y lo x y  was used f o r  t h i s  

p u rp o se .
O

O'
s  tThe p ro ced u re  was a s  fo llo w s  -  th e  re c o rd in g  o f  th e  1

-5
d e r iv a t iv e  o f  1 .84 10 M s ta n d a rd  r a d i c a l  in  t-b u ty lb e n z e n e  in  a
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g la s s  e . s . r .  tube  was made, fo llow ed  by c le a n in g  w ith

c o n c e n tra te d  HCl, th en  d i s t i l l e d  w a te r , and th en  benzene. The

sam e e . s . r .  tu b e  ( i . e .  same Q v a lu e )  w as th e n  u sed  f o r  th e

k i n e t i c  s tu d y  keep ing  a l l  e . s . r .  s e t t i n g s  unchanged a p a r t  from

s tsp e c tro m e te r  g a in ;  th e  1 d e r iv a t iv e  o f  th e  spectrum  o f th e  a c y l 

n i t r o x i d e  u n d e r  s tu d y  was r e c o r d e d  on th e  s c a l e  on th e  same 

e . s . r .  c h a r t  p a p e r  a s  th e  s ta n d a rd .  The n i t r o x id e s  f o r  k in e t i c  

s tu d y  were g e n e ra te d  by hydrogen a b s t r a c t io n  from  th e  

c o r r e s p o n d in g  h y d ro x a m ic  a c i d s  by b u to x y  r a d i c a l s  fo rm ed  by 

p h o to ly s is  o f  d i - t - b u t y l  p e ro x id e  (5% v /v  in  t -b u ty lb e n z e n e ) .

The s p e c t r a  o f  th e  a c y l n i t r o x id e s  were m onito red  a t  v e ry

-1  -1  
h ig h  m o d u la t io n  a m p l i tu d e  (1-. 25 x 10 -  2 .0  x 10 ) (o v e r

m o d u la tio n ) , t h i s  removed a l l  f in e  d e t a i l  o f  th re e  l i n e  s p e c t r a
2

i n t o  s i n g l e  L o re n z ia n  l i n e s ,  w h ere  a r e a  o f  p eak  = LW . The

c o n c e n t r a t i o n  o f  e a c h  a c y l  n i t r o x i d e  w as c a l i b r a t e d  a t  th e

I

beg in n in g  o f  each  ex p erim en t by th e  s t a b l e  s ta n d a rd  r a d i c a l .  

C a l ib r a t io n

The known c o n c e n tra t io n  o f  s t a b l e  r a d ic a l  was c a l ib r a te d  

a g a i n s t  i n t e n s i t y  o f  s i g n a l ,  w h ich  a llo w e d  th e  r e l a t i o n s h i p  

betw een i n t e n s i t y  and c o n c e n tra t io n  to  be made f o r  r a d i c a l s  under 

s tu d y .  Due t o  th e  i m p r a c t i c a b i l i t y  o f  m aking  th e  s ta n d a r d
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r a d ic a l  in  i n e r t  t -b u ty lb e n z e n e  w ith  c o n c e n tra t io n s  as  low a s  
- 6 " -7

10 -10  M (a common r a d ic a l  c o n c e n t r a t io n ) ;  th e  l i n e a r

r e l a t i o n s h ip  betw een r e c e iv e r  g a in  and th e  i n t e n s i t y  o f s ig n a l  o f 

and th e  s t a b l e  r a d i c a l  was u sed . The a d ju s tm e n t o f  r e c e iv e r  g a in  

(k e e p in g  a l l  o t h e r  p a r a m e te r s  c o n s t a n t )  f o r  th e  s p e c tru m  o f  

unknown c o n c e n tra t io n  o f  a c y l n i t r o x id e  a llow ed  th e  spectrum  to  

be on th e  sam e s c a l e  on e . s . r  c h a r t  r e c o r d e r  a s  s t a n d a r d .  

T h e re fo re  th e  l i n e a r  r e l a t i o n s h ip  betw een c o n c e n tra t io n  a t  

d i f f e r e n t  r e c e iv e r  g a in  a llow ed  th e  c a lc u la t io n  o f  unknown a c y l 

n i t r o x id e  r a d i c a l  c o n c e n t r a t io n s .
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